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SUMMARY 


This report presents a method for predicting the noise characteristics 
of a coannular jet exhaust nozzle with an inverted velocity profile. The 
method equates the coannular jet to a single stream equivalent jet with the 
same mass flow, energy, and thrust as the coannular jet. The acoustic charac- 
teristics of the coannular jet are then related to the acoustic characteris- 
tics of the single jet. The method presented in this report also includes 
forward flight effects by incorporating a forward velocity exponent, a Doppler 
amplification factor, and a Strouhal frequency shift. 

A comparison of the prediction method with the model test data shows that 
(1) for the static cases the spectral correlations were generally greater than 
90 percent and the spectral sound pressure level standard deviations were gen- 
erally less than 4 dB in the aft arc direction. (2) For the static cases, the 
predicted overall sound pressure levels were generally within 4 dB of the 
measured values. (3);This method predicts the acoustic characteristics of 
coannular nozzles without centerbodies better than coannular nozzles with 
centerbodies located in the primary stream exhaust where the flow must either 
overexpand or neck down. (4) For the forward flight cases, the method under- 
predicts the jet noise by approximately 3 dB in the forward arc, and overpre- 
dicts the jet noise by approximately 2 dB in the aft arc. (5) For the low 
velocity forward flight cases the spectral correlation coefficients were greater 
than 90 percent and the standard deviations of the spectral sound pressure 
levels were generally less than 4 dB. (6) For both the static and wind tunnel 
cases the spectral correlations, sound pressure level deviations, and overall 
sound pressure level differences between measured and predicted values were 
not affected by changes in equivalent jet velocity. 

It is recommended that (1) the forward flight effect on jet noise be 
reevaluated using additional data to determine whether the Doppler amplifi- 
cation factor exponent should be greater than unity, and that (2) additional 
data be obtained at higher jet exhaust temperatures and velocities to reduce 
extrapolation errors incurred in evaluating noise levels of variable cycle 
engines. 



INTRODUCTION 


In recent years, advanced engine designs which employ coannular jet 
exhausts have been studied for application to supersonic transport configur- 
ations. These engines are efficient at both supersonic and subsonic flight 
speeds. The coannular jet exhaust flow scheme has been shown to significantly 
reduce the engine jet exhaust noise levels during takeoff and landing 
operations. 

The prediction method presented herein was developed from three 
extensive sets of coannular jet noise model test data sponsored by NASA 
Lewis Research Center (refs. 1, 2, and 3). These data have been correlated 
by S. P. Pao of NASA Langley Research Center (ref. 4), which provides the 
basis for the prediction method. 

Because the coannular jet contains twice as many flow parameters as 
the single jet, the prediction scheme is more complex than the SAE single 
jet prediction method (ref. 5). The noise emitted from a coannular jet 
contains two major components: the premerged noise produced by the secondary 

flow stream and the noise produced by the portion of the jet plume where, 
the two streams have merged. In the forward direction angles, the premerged 
noise is predominant. However, in the aft arc, there are two distinct peaks 
to the jet noise spectral distribution. The low frequency peak is associated 
with the plume noise of the merged jet, and the high frequency peak is asso- 
ciated with the premerged noise of the secondary or outer flow stream. 

The method presented herein equates the coannular jet to a single stream 
equivalent jet which has the same mass flow, energy flow, and thrust as the 
coannular jet. The acoustical power of the coannular jet is then derived by 
computing the power of the single jet and applying a coannular jet noise 
benefit function. From the acoustic power, the overall sound pressure level 
in a given direction is defined. Then the spectrum is defined which is 
composed of the premerged and postmerged jet noise components. The prediction 
method also includes forward flight effects by incorporating a forward 
velocity exponent and a Doppler amplification factor. Also, the frequency 
is shifted in proportion to the relative velocity, which is the difference 
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between the nozzle exit velocity and the forward flight velocity. 

The following constraints should be applied to the method presented 
due to the limited data base. The outer to inner stream nozzle exit area 
ratio should not be less than 0.4 or greater than 2.5. The outer to inner 
stream velocity ratio should not be less than 1.0. The equivalent jet velo- 
city should be greater than 0.85 times the local ambient speed of sound. The 
test data upon which this method is based have a range of equivalent jet 
velocities from just below the ambient speed of sound to 2.5 times the local 
ambient speed of sound. This prediction method is designed for obtaining 
free field unattenuated source noise levels. It should be noted that coannu- 
lar jet area ratio and radius ratio are not included explicitly due to the 
limitations of the data base. 
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LIST OF SYMBOLS 

2 

equivalent fully expanded jet area, m 

p 

nozzle exit plane area of primary stream, m 

p 

nozzle exit plane area of secondary stream, m 

ambient speed of sound, m/s 

directivity function 
equivalent jet diameter, m 

hydraulic diameter of secondary stream, m 

decibel 

one-third octave band frequency, Hz 

normalized spectral distribution in one-third 
octave band 

secondary stream annular exit height, m 
total mass flow of the equivalent jet, kg/s 
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iri^ mass flow of the primary stream, kg/s 

mass flow of the secondary stream, kg/s 

n number of one-third octave band frequencies 

-12 

OAPWL overall sound power level, re: 10 W 


OASPL(e) 

OASPL^(e) 

p^(e,f) 

p/(e,f) 

p» 


predicted overall sound pressure level, 
re: 2 x 10"^ N/m^ 

measured overall sound pressure level, 
re: 2 x 10 ^ N/m^ 

2 4 

predicted overall mean square pressure, N /m 

one-third octave band predicted mean square 
2 4 

pressure, N /m 

2 4 

measured overall mean square pressure, N /m 

one-third octave band measured mean square 
2 4 

pressure, N /m 

2 

ambient atmospheric pressure, N/m 


P(Ve/cJ 


power deviation factor, W 


^ISA 


international standard atmospheric pressure, 
N/m^ 


0( > 


power reduction factor, W 


r 

R 


radial distance between source and observer, m 

spectral mean square pressure correlation 
coefficient 

peak Strouhal number of the first spectral 
component 

peak Strouhal number of the second spectral 
component 
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spectral sound pressure level standard deviation, 
dB 

predicted one-third octave band sound pressure 
level, re: 2 x 10"^ N/m^ 

measured one-third octave band sound pressure 
level , re: 2 x 10“^ N/m^ 

total temperature of the equivalent single jet, K 
international standard atmospheric temperature, K 
total temperature of the primary stream, K 

total temperature of the secondary stream, K 

ambient air temperature, K 

forward velocity of the jet nozzle, m/s 

fully expanded jet velocity of the equivalent 
jet, m/s 

fully expanded jet velocity of the primary stream, 
m/s 

fully expanded jet velocity of the secondary 
stream, m/s 

magnitude of peak mean square pressure of second 

spectral component relative to first spectral 
2 4 

component, N /m 

ratio of specific heats for the equivalent jet 

ratio of specific heats for the primary stream 

ratio of specific heats for the secondary stream 

directivity angle from the inlet axis, deg. 



n 

p« 


<^1 


02 

<(> 

0) 


total sound power, W 

3 

ambient air density, kg/m 

3 

density of equivalent jet, kg/m 

normalized Strouhal number for the first spectral 
component 

normalized Strouhal number for the second spectral 
component 

directivity angle from flight path, deg. 
density exponent 


DESCRIPTION OF DATA BASE 

The inverted flow profile coannular jet data base was obtained from model 
scale experimental work (refs. 1, 2, and 3), The static tests of references 

1 and 2 consist of 98 separate test conditions with three different nozzle 
configurations. The first two configurations shown in figures 1 and 2 (models 

2 and 3) have area ratios of 0.75 and 1.2 respectively. The third configur- 
ation (model 4) has a centerbody within the core flow stream which extends 
past the core flow nozzle exit plane. The area ratio for model 4 of figure 

3 is 0.647. The wind tunnel tests of reference 3 consist of 92 separate 
test conditions with two different nozzle configurations which have inverted 
flow profiles. The wind tunnel nozzle configurations (models 7 and 8) have 
area ratios of 0.75 and 1.2 respectively, and are shown in figures 4 and 5. 

In all models the core flow exit plane was offset from the secondary flow 
exit plane. 

The acoustic data covered thirty one-third octave bands. All the tests 
were conducted in outdoor facilities using a polar array of microphones. The 
table below lists the frequency range, directivity range, and microphone dis- 
tance for each of the test models. 


6 



Model 

Forward 

Velocity 

Frequency 

Range 

Range of 

Directivity Angle 

Distance to 
Microphone 

2 

0 

0.1-80 KHz 

60 - 165 degrees 

4.57 m 

3 

0 

0.1-80 KHz 

60 - 165 degrees 

4.57 m 

4 

0 

0.05-40 KHz 

30-160 degrees 

12.2 m 

7 

30-130 m/s 

0.1-80 KHz 

70 - 150 degrees 

3.05 m 

8 

30-130 m/s 

0.01-80 KHz 

70 - 150 degrees 

3.05 m 


The acoustic data were corrected to remove atmospheric attenuation effects 
in accordance with ARP 866 (ref. 6). Spherical divergence effects were included 
to correct the data base to a radius of 45,7 m (150 ft). In the case of model 
4, the data were also corrected for ground reflection and attenuation effects 
using the method of reference 2. The forward flight data of models 7 and 8 
of reference 3 already have been corrected for the effects of the wind tunnel 
flow shear layer on the directivity and intensity. In addition, Doppler fre- 
quency shifts were incorporated into the data to account for the relative 
motion effect between the source and the observer. This effect is included 
in the prediction but is not present in the wind tunnel. 

For all cases used in the development of this prediction method, the 
secondary stream flow velocity was greater than the primary stream flow 
velocity. The table below lists the range of temperatures and velocities of 
each flow stream for each of the models. 


Velocity Range, m/s 

Temperature 

Range, 

K 

Primary 

Secondary 

Primary 

Secondary 

294 - 624 

310 - 872 

381 - 

1098 

380 - 

1133 

298 - 441 

319 - 859 

389 - 

810 

702 - 

1089 

291 - 609 

295 - 847 

286 - 

814 

392 - 

1097 

284 - 306 

303 - 683 

370 - 

410 

390 - 

669 

297 - 307 

430 - 638 

339 - 

407 

396 - 

710 



The applicability of the prediction method presented herein is limited 
to the velocity range and temperature range of the model test data base. The 
maximum secondary flow velocity was 872 m/s for the static cases and 683 m/s 
for the wind tunnel cases, which is less than the 975 m/s for the secondary 
flow velocity of a varible cycle engine for an SST design. Similarly, the 
maximum secondary flow total temperature of the data was 1133 K for the 
static cases and 710 K for the wind tunel cases, which are considerably less 
than the variable cycle engine secondary flow temperatures of 1750 K. 

PREDICTION PROCEDURE 

The noise prediction method presented in this report is based on deter- 
mining the noise characteristics of a single equivalent jet, which has the 
same total mass flow, energy flow, and thrust as the coannular jet. First, 
the overall acoustic power level of the coannular jet must be defined. It 
was found that for the static case (no forward velocity), that the acoustic 
power of the coannular jet is sometimes as much as 4.0 dB lower than the over 
all sound power level of the single equivalent jet. The power of the single 
equivalent jet for the static case is determined using the current SAE 
prediction method (ref. 5). A jet noise benefit function is employed to 
obtain the power level of the coannular jet. For the case with forward vel- 
ocity, a procedure by Hoch (ref. 7) is employed. This procedure employs a 
power function to account for changes in source strength and sound convection 
Also a Doppler amplification factor is used. Both the Doppler factor and 
the power function vary with directivity angle. The overall sound pressure 
level in a given direction at a given radius is computed from the overall 
sound power level using a directivity index which is independent of forward 
flight velocity. Finally, the one-third octave band sound pressure level 
is computed by a two component method. The first component is associated 
with the secondary stream of the premerged jet. The second component is 
associated with the post merged region of the fully mixed jet. The one-third 
octave band spectra is corrected for forward velocity effects by basing the 
Strouhal numbers on the difference between the jet nozzle velocity and the 
forward flight velocity. 
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Equivalent Jet 


The single equivalent jet has the same mass flow, energy flow, and 
thrust as the coannular jet. The mass flow of the single equivalent jet is 

me = m, + mg, (1) 

where 


m = p A V. 

The condition of equivalence of mass flow and thrust gives 
m, V, t ni; Vg 

mi + mg 


( 2 ) 

(3) 


Since the gas constant for air is not significantly changed by the addition 
of a small amount of combustion products, the equivalent temperature can be 
defined from the total energy flow as 


"1 (rp) * "2 (ypr) 


where 


Y _ 

y=T- 



(4) 


(5) 


The equivalent specific heat ratio is defined from the mixing of the gases 
of each stream, as 


Yo-1 • ^ • 


( 6 ) 
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Because the fully expanded jet static pressure is equal to the ambient 
static pressure, the equivalent jet density is 



The equivalent area is (from equation 2) 


the equivalent jet diameter is 



and the secondary stream hydraulic diameter 1s 
= 2H. 


(7) 


( 8 ) 


(9) 

(10) 


Acoustic Power 

The jet acoustic power n is calculated for the single jet using the 
current SAE prediction method (ref. 5) and applying a coannular jet power 
benefit function, Q. 


n = 6.67 X 10" 


c^A. 




( 11 ) 


The density exponent, u, is the same as in reference 5 and is given as a 
function of V /c in table 1 and figure 6. The power deviation factor 

6 00 Q 

P(V /c ) represents the deviation of sound power from the U law of 

C 00 

dependence and is shown in table 2 and figure 7. The coannular jet power 
benefit function Q(Vg/c^, V 2 /V^) is shown in table 3 and figure 8. 

The overall sound power level can be obtained from equation 11 as 
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OAPWL = 10 Log 


+ 197 dB. (12) 


The effect of forward flight on acoustic power includes the Doppler 
amplification factor and a velocity exponent. Both of these terms are related 
to the directivity angle. Therefore the forward velocity effect is included 
along with the directivity effects in the determination of the mean square 
pressure. 



Directivity and Overall Mean Square Pressure 

The mean square pressure at a given observer position relative to the 
position of the jet is 


P 


2 


(9) 


Poo D(0»Vg/c^) 

4 ^r 2 n-Vg cos^/cj 



(13) 


where r is the distance between the source and the observer, and D(e,Vg/c^) 
is the normalized directivity factor and is given in table 4 and figure 9. 

The forward velocity exponent function m(e) was taken from Hoch (ref. 7) 
and is presented in table 5 and figure 10. The Doppler amplification factor 
(1 “ depends on the angle between the flight path vector 

and the vector between the source and observer. This angle, denoted as, 4>, 
is different than the directivity angle, e, when the jet axis is not along 
the flight path. Figure 11 shows the geometric variables used for computing 
the overall mean square pressure at a particular directivity angle. 

The overall sound pressure level, computed from the mean square pressure, 
is; 



OASPL = 10 Log 


+ 197 dB. 


(14) 



Spectral Distribution 


The one-third octave band spectra in a given direction are composed of 
a single component for directivity angles below 110 degrees where the high velo- 
city, secondary stream jet noise is predominant. At directivity angles equal 
to or greater than 110°, the one-third octave band spectra consist of two 
components. The low frequency component is associated with the jet noise 
from the merged portion of the exhaust, and the high frequency component is 
associated with the secondary stream flow. Figure 12 shows a diagram of 
the two component spectra. The peak Strouhal number of the first spectral 
component S-j (V^/c^, e) applies to all directivity angles. For direct- 
ivity angles equal to or greater than 110°, there is a second component peak 
Strouhal number, S 2 (Vg/c^, e). The values of S.j and $2 are listed in tables 
6 and 7 and are shown in figures 13 and 14, respectively. 

Figure 12 shows that there is a difference in amplitude between the first 
and second peaks. At directivity angles equal to or greater than 110 degrees, 
the parameter, «•*, indicates the relative magnitudes of the mean square pres- 
sure of the second peak with respect to the first peak, a' is defined from the 
parameter, a(Vg/c^, V 2 /Vp e) as 

^2 

a' - a . (15) 

^e 

The values of a are presented in table 8 and figure 15. 

The one-third octave band mean square pressure 


P^(e,f) = P^(e) G(e,0^) 


, for 0 < 110°, 


(16) 


and 


P^(e,f) 


= P 


( G(0jCt-j) cx^G(0jCjp)\ 

1 t 1 -f ) . for 6 i 110°, 


(17) 


where the values of 6(8, o) are given in table 9 and figure 16. The values 
of a,| and 02 ai^e defined from and $2 by 
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0.4 


(18) 


(y 

. . /Ie\ 

The forward flight effect is incorporated into equations 18 and 19 in the 
computation of the peak frequency, the frequency corresponding to a a value 
of 1.0. This frequency is dependent on the difference between the nozzle 
jet exhaust velocity and the aircraft forward flight velocity. A temperature 
correction factor is included in equations 18 and 19 which corresponds with 
the frequency shift due to temperature in accordance with the SAE single jet 
method of reference 5. 

The one-third octave band sound pressure level is defined by 

SPL(e,f) = OASPL(e) + 10 Log^Q G(e,a^), for e < 110°, (20) 

and 


a . 

1 ■ S,(Ve - V,) 


and 


SPL(e,f) = OASPL(e) + 10 Log^Q 
for e > 110°. 


^ G(0,0-| ) a'G(e,a2) ^ 

\ 1 + a" ^ 1 + a' / » 


( 21 ) 


DATA COMPARISONS 

Comparisons were made to evaluate the prediction method against the 
model test data for 48 static cases from references 1 and 2 and 22 wind tunnel 
cases from reference 3. The predicted values were corrected to incorporate 
shock noise as well as jet noise, as shock noise does exist in the model 
data. The shock noise was predicted over the range of frequencies and 
directivity angles for each case using Stone's method from reference 8. For 
each case at each directivity angle for which spectra data are available. 
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the spectral mean square pressure correlation coefficient, the spectral 
sound pressure level standard deviation, and the overall sound pressure level 
difference between the measured and predicted values were computed. 

The mean square pressure correlation coefficient, R, for a range of n 
one-third octave band frequencies is 


T [p^(e,i) p^^(e,i)] 

i=l 

i=l i=l 

The spectral sound pressure level standard deviation, SD, in units of 
decibels for a range of n one- third octave band frequencies is 


( 22 ) 


i)r 


1/2 



SD 


E [SPL(e,i) - SPL (9,i)]^ 
i£I 

(rnni 


1/2 


(23) 


The difference between the predicted and measured overall sound pressure 
level, OASPL, at each directivity angle is 


AOASPL(e) = OASPL(e) - OASPL^(e). 


(24) 


The data comparison study consists of two parts: the static comparison 

and the forward flight comparisons. 


Static Case Data 

The static data comparison consists of evaluating 48 typical data cases. 
These include 33 cases from reference 1 (models 2 and 3) and 15 cases from 
reference 2 (model 4). Table 10 lists the flow properties for the 48 cases 
including equivalent velocity and the ratio of the secondary flow velocity 
to the primary flow velocity. Table 11 shows the spectral mean square pres- 
sure correlation coefficient, the spectral sound pressure level standard 
deviation, and the difference in overall sound pressure level between the 
measured and predicted values for each case at nine directivity angles. 
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The variation of the comparison parameters of table 11 with normalized equiv- 
alent velocity are shown on figures 17, 18, and 19, respectively, at direct- 
ivity angles of 60, 90, 120, and 150 degrees. 

Figure 17 shows that at 90 and 120 degrees the correlation coefficient 
exceeds 90 percent except in 7 cases. At 60 degrees it can be seen that 
there is considerable discrepancy which is partially attributable to the 
relatively low jet noise levels. At 150 degrees the model 4 cases generally 
seem to have a low correlation, whereas only 4 of the model 2 and model 3 
cases are below 90 percent. This may be due to the fact that the jet exhaust 
flow of model 4 overexpands as it flows over the plug surface. 

Figure 18 shows the variation of standard deviation of the spectral 
sound pressure levels with normalized equivalent velocity for the 48 data 
cases. From figure 18 it can be seen that at 90, 120, and 150 degrees less 
than 7 cases exceed a standard deviation of 4 dB, whereas at 60 degrees almost 
a third of the cases exceed a standard deviation of 4 dB. The standard devi- 
ation indicates a discrepancy between the measured and predicted values but 
does not indicate the direction of this discrepancy. . Therefore the difference 
in overall sound pressure levels for these 48 cases were determined. 

Figure 19 shows the variation of the difference between predicted and 
measured overall sound pressure levels with normalized equivalent velocity for 
the 48 data cases at directivity angles of 60, 90, 120, and 150 degrees. 

Figure 19 shows that at 90 degrees, the method overpredicts for model 2 and 
underpredicts for models 3 and 4. At 120 degrees the method underpredicts 
the noise of model 4, whereas models 2 and 3 appear to not be biased. At 
150 degrees the predicted OASPL levels average slightly higher than the 
measured values, except at the lower equivalent jet velocities, where they 
are 2 to 4 dB higher. At 60 degrees it can be seen that there is consider- 
able scatter in the OASPL differences. This corresponds to the low jet noise 
level problems that were seen in figures 17 and 18. 

From table 11 and these figures 17, 18, and 19, it can be seen that 
the prediction method does not correlate better at higher jet velocities 
than at lower velocities. Also at angles below 90 degrees, there are some 
large discrepancies between the prediction method and the measured data, which 


15 



can be partially attributed to the lower levels of jet noise which are pro- 
duced in the forward arc and thus to the lower difference in noise level 
between the jet noise and the background noise. 

Appendix A shows spectral plots of the measured and predicted sound 
pressure levels for 16 of the 48 static data cases. 

Wind Tunnel Case Data 

The wind tunnel or forward flight data comparison consists of evaluating 
22 typical data cases of reference 3 (models 7 and 8). Table 12 lists the 
flow properties for the 22 cases including equivalent velocity and the ratio 
of the secondary stream velocity to the primary stream velocity. In the wind 
tunnel test, the microphones are stationary with respect to the nozzle, whereas 
in forward flight they are not. However, the power level and directivity are 
affected by the wind tunnel flow velocity which alters the strength and 
direction of the acoustic waves. Also, the frequency is shifted by the wind 
tunnel flow. However, the frequency shift defined by equations 18 and 19 has 
incorporated a Doppler shift. Therefore, to correct from forward flight 
prediction to wind tunnel prediction, the predicted forward flight frequencies 
were corrected by the Doppler frequency shift which is 

^wind tunnel '^'forward flight cos(e)]. (25) 

Table 13 shows the spectral mean square pressure correlation coefficient, 
the spectral sound pressure level standard deviation, and the difference in 
overall sound pressure level between the measured and predicted values for 
each case at the nine directivity angles for which measured data are available. 
Figures 20, 21, and 22 respectively show the variation of these comparison 
parameters as a function of normalized equivalent velocity at directivity angles 
of 70, 90, 120, and 150 degrees. Appendix B shows comparisons between the 
predicted and measured spectral sound pressure level distributions for several 
typical wind tunnel data cases at directivity angles of 70, 90, 120, and 150 
degrees. The spectral plots of Appendix B show that in the high frequency 
range the measured data rises abnormally. This was attributed to electrical 
interference and therefore the four highest frequencies were not included . in 
evaluating this prediction method. 
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From table 13 and figure 20 it can be seen that the correlation coef- 
ficients are generally close to or above 90 percent except for the high forward 
velocity cases. Figures Bl, B4, B7. and B8 of Appendix B show typical spectral 
plots for these high velocity cases. From these four figures, it can be seen 
that there appears to be something other than jet or shock noise present at 
the low frequencies. Furthermore, this low frequency interference phenomenon 
increases as the directivity angle increases and also as the forward velocity 
increases. Therefore, at the higher forward velocities figure 20 shows that 
the correlation coefficient is lov/. 

Table 13 and figure 21 show that at the low forward velocities the 
spectral sound pressure level standard deviation is less than 4 dB except at 
the directivity angle of 150 degrees where it varies from 4 dB to almost 6 dB. 
However, at the higher forward velocities the standard deviation is large due 
to the low frequency interference phenomenon. 

From table 13 and figure 22 it can be seen that the method Underpredicts 
the overall sound pressure 'level at all directivity angles except at 150 
degrees where the method overpredicts. The amount of discrepancy in the over- 
all sound pressure level is about 3.5 dB at 70 degrees, 1.5 dB at 90 degrees, 

2 dB at 120 degrees, and -2,0 to +2,0 dB at 150 degrees. In general there 
appears to be no trend in the overall sound pressure level difference with 
changes in either the jet velocity or forward velocity. Also at a directivity 
angle of 90 degrees it is anticipated that the overall sound pressure level 
discrepancy will be at a minimum because the forward velocity effect is reduced 
to zero in the prediction method per equations 13 and 18. 

The prediction method is acceptable at directivity angles of 90 and 120 
degrees. At the directivity angle of 70 degrees the method predicts low at all 
forward flight speeds. At the directivity angle of 150 degrees at the higher 
flight velocities the prediction method is poor in that it overpredicts the 
jet noise overall sound pressure level by as much as 3 dB. 

In general this prediction method is acceptable for the forward flight 
cases. However for comparison purposes it should be noted that in reference 3, 
a least squares fit of the data was made and a forward velocity power index 
and Doppler amplification factor for noise convection were determined. Using 
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the method of this report the power index of equation 13 shown in table 5 and 
figure 10 is about the same as the forward velocity power index factor of 
reference 3. However, the Doppler amplification factor of equation 13 is 
raised to the first power in the presented prediction method. In the data 
correlation of reference 3, the Doppler amplification factor is raised to a 
power of 4 at a directivity angle of 70 degrees and to a power of 10 at a 
directivity angle of 150 degrees. The value of the Doppler amplification 
factor exponent also depends on the total pressure ratio. The fact that this 
Doppler amplification factor exponent is considerably greater than unity and 
that it was derived from test data correlations indicates that the prediction 
method presented herein will underpredict the jet noise at directivity angles 
below 90 degrees, and overpredict the jet noise at directivity angles above 
90 degrees. Furthermore, the amount of discrepancy will increase as the for- 
ward velocity increases. However, the amount of OASPL discrepancy in the 
method of this report is generally less than 2 dB at directivity angles of 
90, 120 and 150 degrees, which is probably within the range of the model test 
data scatter. 

CONCLUSIONS 

For the static case data without the centerbody plug the coannul ar jet 
prediction method presented herein yields correlation coefficients above 
90 percent at directivity angles of 90, 120, and 150 degrees. For the static 
case data with the centerbody plug the correlation coefficient is lower at a 
directivity angle of 150 degrees. One reason for this difference may be due 
to the overexpansion, or turning, of the flow as it passes over the centerbody 
plug. The standard deviations for all the nozzle configurations were generally 
less than 4 dB at directivity angles of 90, 120, and 150 degrees. At the 
directivity angle of 60 degrees, where the jet noise levels are relatively 
low and the data may be affected by background noise, the correlation 
coefficients were sometimes considerably less than 90 percent and the standard 
deviations sometimes exceed 10 dB. In general the overall sound pressure 
levels were predicted within 4 dB at directivity angles of 60, 90, and 150 
degrees. At 120 degrees the method appeared to underpredict by sometimes 
more than 6 dB. 
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For the wind tunnel cases, the coannular jet prediction method presented 
herein yields correlation coefficients above 90 percent for the lower forward 
velocities at directivity angles of 70, 90, 120, and 150 degrees. Also at 
the lower forward velocities, the standard deviations were less than 4 dB 
at directivity angles of 60, 90, and 120 degrees, and varied from 4 to 6 dB 
at the directivity angle of 150 degrees. At the higher forward velocities, 
there appeared to be some low frequency interference phenomenon which increased 
as the directivity angle increased and as the forward velocity increased. 
Therefore at the higher forward velocities the correlation coefficient 
and standard deviation were not good. However this low frequency phenomenon 
did not affect the SPL values near the peak level, and therefore did not 
affect the overall sound pressure levels. For the forward velocity cases 
the difference between the measured and predicted overall sound pressure 
levels were less than 4 dB at directivity angles of 70, 90, 120, and 150 
degrees, except for two cases at 70 degrees. 

For the forward flight cases this method underpredicts the jet noise 
by approximately 3 dB in the forward arc as shown on Figure 22a. Similarly, 
at the higher directivity angles this method overpredicts the jet noise by 
approximately 2 dB, as shown on Figure 22d. To correct this a Doppler 
amplification factor exponent could be employed in addition to the forward 
velocity exponent. 

For both the static and wind tunnel cases changes in equivalent jet 
velocity did not affect the correlation coefficients, the sound pressure level 
standard deviations, or the difference between the measured and predicted over- 
all sound pressure levels. 

Since, at supersonic jet velocities, a shock noise prediction is 
included in the jet noise correlation and the results obtained were found 
to be satisfactory, it is evident that shock noise is present in the 
model test data. 

The applicability of the prediction method presented herein is limited 
to the velocity range and temperature range of the model test data base. 
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TABLE 1. 


JET NOISE DENSITY EXPONENT. 




CO 


- 0.4 

- 0.90 

- 0.35 

- 0.76 

- 0.30 

- 0.58 

- 0.25 

- 0.41 

- 0.20 

- 0.22 

- 0.15 

0.0 

- 0.10 

0.22 

- 0.05 

0.50 

0.0 

0.77 

0.05 

1.07 

0.10 

1.39 

0.15 

1.74 

0.20 

1.95 

0.25 

2.0 

0.30 

2.0 

0.35 

2.0 

0.40 

2.0 
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TABLE 2. 


POWER DEVIATION FACTOR. 


-0.40 

-0.35 

-0.30 

-0.25 

- 0.20 

-0.15 

- 0.10 

-0.05 

0.0 

0.06 

0.10 

0.15 

0.20 

0.25 

0.30 

0.35 

0.40 


10 

-1.3 

-1.3 

-1.3 

-1.3 

-1.3 

- 1.2 

- 1.0 

-0.5 

0.0 

1.0 

2.1 

3.2 
4.1 

4.3 

4.1 

3.1 

1.4 


dB 
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TABLE 4 


COANNULAR JET NOISE DIRECTIVITY INDEX. 


10 Log-|Q{D), dB 


Directivity 

Logio(Ve/cJ 

angle, 0 

0,00 

,05 

.10 

.15 

,20 

.25 

,30 

.35 

0 

-8,60 

• 4,70 

•11.55 

•12;«0 

-13.08 

•13.44 

•13,98 

•14,49 

10 

• 8, <10 

• 9, So 

•11.35 

•12;t5 

•12.72 

•13,14 

•13,63 

•14,09 

20 

•8,20 

-9.30 

-11.10 

• n’.«5 

-12.42 

-12,84 

•13,28 

•13,69 

SO 

• 8,00 

• 0.10 

-10,85 

•Hiss 

•12.02 

-12,44 

•12,93 

•U.19 

ao 

• 7,70 

•8,80 

-10,55 

•UllS 

•11.62 

•12.04 

- 12,37 

• U,69 

5ft 

-7,40 

•8,50 

•10,25 

•10,75 

•11.17 

-11,54 

•1 1,04 

•12.09 

60 

• 7 , ft ft 

•8.10 

• 9,05 

•lft;35 

•10,72 

•ir.02 

•11,20 

•U.39 

70 

-6,40 

-7,70 

-0,98 

- 9 J 35 

•9,68 

•9,08 

•10,16 

-iu,20 

80 

-5,70 

• 6,80 

•7,60 

•7,90 

-8.22 

- 8,43 

-8,53 

• 8,70 

60 

-4,?n 

-5,80 

•6.4} 

• 6175 

• 6,95 

•7,06 

•7,09 

•7,00 

100 

• 3,2ft 

•4,10 

•4,71 

•5,06 

-5,33 

-5,47 

- 5.59 

•5,6Q 

tio 

•1 ,3ft 

•?,Oft 

•2,46 

•2;74 

•2,95 

•3,08 

•3,l9 

•3,20 

120 

.90 

.50 

.14 

-.02 

•.13 

■ , 16 

• , 16 

-, 10 

130 

3,40 

3.20 

3.04 

3', 04 

3.05 

3,06 

3,12 

3,20 

lao 

5,20 

5,70 

5.99 

6,26 

6,45 

6.61 

6,60 

6,71 

150 

6.30 

7,00 

7.49 

7,8} 

7.95 

8,02 

0,08 

8,09 

16ft 

6,1ft 

6,30 

6.55 

6,14 

5.97 

5.73 

5.60 

b,bu 

170 

5,10 

4,50 

3,64 

2,96 

2.33 

1,74 

1,10 

1.20 

160 

4,60 

3.00 

2.94 

2.26 

1.63 

,99 

,46 

,60 






TABLE’S 


JET NOISE FORWARD VELOCITY INDEX. 


Directivity 

Angle, 0 m(e) 

0 3.0 

10 1.65 

20 1.1 

30 0.5 

40 0.2 

50 0.0 

60 0.0 

70 0.1 

80 0.4 

90 1.0 

100 1.9 

no 3.0 

120 4.7 

130 7.0 

140 8.5 

150 8.5 

160 8.5 

170 8.5 

180 8.5 
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TABLE 6 


LOCATION OF FIRST PEAK STROUHAL NUMBER. 


LoQ] o(^l ) 


Directivity 
angle, 0 

0,00 

.05 

.10 

Log,o(Ve/cJ 
.15 .?0 

.25 

m 

O 

.35 


0,00 

0,00 

0,00 

ft , 0 0 

o.nn 

0,00 

0,00 

o,no 

J on 

^ ^ 05 

-.05 

• . 05 

•,05 

•«o5 

-.05 

• ,05 

*. o5 

110 

• .IS 

-.12 

-.12 

•, 12 

-.l2 

•, 12 

*,12 

-.12 



-.22 

-.22 

-.22 

-.22 

-.22 

-,23 

*,2« 

130 

• « 3 3 


-.33 

-.33 

-.53 

-.35 

• , 36 

-.37 

1 ilO 

..^*2 

-.‘‘2 

• , «2 

-.02 

• ,a2 

-."5 

-.i»9 

• ,53 

150 

• , 5 0 

• ,50 

-.50 

• ,50 

*.52 

-.57 

• , 62 

• ,66 

IbO 

..56 

-.59 

• ,bl 

*,62 

-.65 

• ,77 

• ,B7 

-,66 

170 

• ,75 

• .77 

• ,79 

-,«2 

*.«e 

-1,06 

-1,H 

• 1.25 


TABLE 7. 

LOCATION OF SECOND PEAK STROUHAL NUMBER. 

Log,j(S2) 


Directivity 
angle, 9 

0,00 

.05 

.10 

‘-'’ 91 0 

.15 

(V^/c.) 

.20 

.25 

,30 

.35 

110 

.,59 

-.59 

-.59 

-.69 

.,59 


*.59 

-.59 

120 

. , 30 

-.35 

• ,35 

-.36 

-.37 

-.39 

", 6 1 

-.65 

130 

-.26 

-.2^* 

• ,2« 

*,26 

-.25 

• , 29 

..39 

-.52 

160 

.,21 

.,20 

-, 1 » 

-.16 

-.25 

• ,38 

• ,50 

-.66 

150 

.,06 

*,12 

-.19 

-.27 

• ,36 

• ,68 


• , 89 

160 

.,06 

-.13 

",22 

-.31 

-.63 

-,56 

-.»7 

-1,27 

170 

.,05 

-.13 

-.26 

-.36 

-.92 

-.69 

•1,06 

• t,36 
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TABLE 8. 


FACTOR RELATING RELATIVE HEIGHT OF SECOND SPECTRAL PEAK TO FIRST SPECTRAL PEAK. 

10 Log^Q(a) 


Vo/V, 


Directivity angle » 110 degrees 



v^/v, 



3 . 5 » 

S.S^ 

3.61 

3.70 

5,75 

5,90 

3.61 

1.97 

а, 09 

б . 25 
o,«o 
a. 61 
o.bl 


Directivity angle » 120 degrees 




3.58 

3.59 
3,63 

3,70 

3,75 
3,92 

3,86 
9,01 
9,13 
9,26 
U,UU 

9,69 

9,69 


3,58 

1,60 

3.69 

3.70 

3,76 
3,83 
3.92 
9,05 
9,17 
9.31 

9,98 

9,67 

9,67 


3,58 

3,61 

3,66 

3.70 

3,77 
3,65 
3,99 

9,10 
9,22 
9,35 
9,53 

9.71 
«.7l 


3,58 

5,6^ 

3.69 

3.70 

3.78 

3,96 

«,02 

9,19 

9,25 

9,16 

9,55 

9.73 

9.73 



3,56 

3,62 

3,70 

3,73 

3,79 

3,92 

9,05 

9,18 

9,28 

9,90 

9,59 

9,76 

9,76 


3,58 

3,63 

3,72 

3.75 

3,82 

3.96 

9.11 
9.29 
9.39 

9.96 
9,65 
9,6t 
9,81 


3 

3.., 
3,7? 

1,90 

3.90 
9,05 
9,20 

9,12 

9.90 
9.55 

9,71 

9,87 

9,87 1 


















Table 8. - Continued 


10 Log^Q(a) 




Directivity angle * 

= 130 degrees 



Vj/V, 


.0*9 

1-091 q ( V ' 

.1" .15 

J 

.25 

.30 

• JS 

l.f> 

• 6, 


-3,70 

•l,9to 

-.10 

1 .59 

2.97 

1,80 

1.1 

• «,1« 

-I.OiJ 

-1.81 


.98 

2.37 

3.38 

8,19 

1.2 


•1 

« , fr' 0 

.«>ti 

1,7*9 

2.92 

3,73 

is \ ay 

1.3 

•1.20 

• ,U} 

,<i7 

1,86 

2.?3 

1,31 

tt,07 

8.B2 

1.^* 

«,2'i 


1,23 

2,10 

2.82 

3,61 

U.ft 1 

5 , 0 6 

l.*5 

.78 

1 ,ia 

1,<J7 


3,18 

a ,07 

4,7 6 

5»?8 

l.«> 

1 .08 

?, 1 <4 

2.88 

3,?a 

3,89 

8,51 

5,09 

5i8d 

1.7 

2, “8 

2, 80 

3,3» 

.i,7« 

9,58 

8,92 

5,80 

5 ,'6d 

l.ft 


5,/iQ 

3,80 

“,2« 

8, ft 2 

5,3n 

5,68 

5,88 

!.*> 

1.88 

1.«te 

«,3? 

8.71 

b.?'> 

5.6 1 

5,95 

6,0 4 

2.0 

O.O? 

^,32 

u , b*5 

^>.03 

b,n7 

5.8ft 

6,11 

6,20 

2.1 

U. 1*5 

« , ia^ 

t . 8 1 

b,2l 

b‘ , 6 1 

5,97 

6,21 

6.10 

2.2 


■1 . t* 0 

n , d 1 

^,21 

5,61 

5.97 

6,21 

6.30 




Directivity angle = 

140 degrees 



V'^i 

O.OO 

,05 

Lo9io(Vg/cJ 

.1^ .15 

• i>0 

.25 

.30 

.35 

1 

• 15,66 

•12,28 

• JtJ t ^ 


-b . 93 

• 8,98 

-3.81 

• 1,99 

1.1 

-9,9(1 

• 8.75 



• 8.57 

-2,8) 

• 1,3d 

• , 1 6 

1.2 

-6,89 

• 5,89 

• p ? b 

• 3 ^ ?i 0 

-2.22 

-.99 

.21 

1,36 

1 ,3 

-4,58 

-1,68 

•2,73 

» 1 g 

-.68 

,50 

1.83 

2,85 

1 .9 

-2,52 

■1,81 

• 1 , u 1 

•.12 

.76 

1 ,66 

2.5b 

3,56 

1.5 

•.59 

- , C 8 

. 5 0 

1,15 

1 ,q5 

2,75 

3.51 

8.35 

1,6 

.91 

1,37 

1 ,8° 

2,8 7 

3,o5 

3,77 

8.3 d 

5.08 

1.7 

2.09 

2,51 

2.98 

3.5t 

8 , 0 1 

8,61 

5.12 

5.6d 

1 ,fl 

2 , 9 ? 

1,31 

1,’6 

8,25 

8,70 

5,28 

5,66 

6,12 

I.** 

1.68 

8 , n 0 

8,40 

8,8b 

5.27 

5,69 

6,05 

6,8 8 

2,0 

4,29 

4,00 

8,95 

5,15 

5.72 

b,06 

6.35 

6,72 

2.1 

U,H? 

5,1? 

5 ,85 

5,63 

6.32 

M , 8 0 

6,63 

6 , 9 1 > 

2.2 

4,8? 

5.12 

5,85 

5.83 

6,32 

6,80 

0,63 

6,9(. 
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Table 8. - Concluded 


10 Login(a) 


Vj/V, 


Directivity angle ® 


Login(V„/c„ 


150 degrees 


•1 #j,bh 

•15, 

• Q , 6?j 

■ 4j , 

•5,33 

•1 

• , (?0 
.98 
2.11 
5,58 

5,38 


19,72 

-16,79 

19, el 

•12.32 

'1. 1 ,80 

-9,63 

-7,92 

•5,98 

-9,03 

-3,08 

•2,«5 

-1,06 

-.97 

-.16 

.91 

1 .08 

1,98 

2.09 

2.59 

3,03 

3,80 

0,06 

9,67 

5,73 

m 


-13.51 

• 9,7« 
•7.15 
-3,80 

• 5,00 

-,38 

.n 

1,80 

2,67 

1,57 

9,52 


•9,89 

•6,87 

• 0,00 

•1.77 

■,59 

,6‘» 

1.58 

2.59 

3,?6 

9.07 

0.95 

5.79 

to, «8 


• 6,55 

•0,0(1 

• 2,20 

-.37 

.63 

1.65 

2.35 
3,16 
5,78 
9,50 

6.35 

6,03 

7.15 


•9,17 

• 2,22 

■,O0 

.93 

1.71 

2,98 

3,02 

3,7b 

9,30 

5,09 

5.69 

6.32 

7.37 


*2,81 

•, 6 ? 

,65 

2.05 

2,68 

3.51 

3,79 

9.52 

O,H0 

5,08 

6.05 
6,59 
7,57 


Directivity angle = 160 degrees 




1,6 •5'T,12 •?6,91 -20,8^ 

1.1 •51.91 -27,77 -as. 13 -17,93 

1.2 -27,68 -29,12 -J9,90 -15,16 

1.3 -22,65 -19,80 •lb.18 -12,50 

1,9 •16.20 -15,71 -12,95 -9,80 

1.5 -15.67 -13,53 -in, 71 -7,76 

1.6 -15.17-11,67 -0,72 -6,07 

1.7 -10,90 .9,10 -7,13 -9,87 

1.8 -10,15 -8,27 -6,17 -3,81 

1.9 -6,38 -7,52 -5,92 -3,08 

2.0 -8,71 -6,87 -0.77 -2,03 

2.1 -8,23 -6,38 -9,31 -1,90 

2.2 -7,61 -5,98 -3,93 -l.ba 


15, n3 

-6,67 

1.6<> 

9.05 

12,06 

-9,86 

1,99 

3,88 

•9.99 

-3,29 

2.21 

3,76 

•7.59 

•1 ,8e 

2,31 

5,69 

•5.65 

-,9l 

2,92 

5,69 

• 0 , 1 9 

-.19 

2,S5 

3,57 

•i , 09 

.95 

2,59 

3,54 

-2.l5 


2,69 

3,52 

•1.59 

1,28 

2,72 

3,07 

-.73 

1 ,61 

2,75 

3.95 

-.25 

1,60 

2,77 

3,90 

.12 

l.‘>3 

2.77 

5,00 

.39 

1 ,9Q 

2,77 

3,09 

















TABLE 9 


NORMALIZED SPECTRAL DISTRIBUTION. 

10 L 09 ^q(G), dB 


LOOlO 

( O '- 5 ) 

^110 

directivity A » JGL ?: f0 , DeQWtE8 
120 130 100 IbO 160 

170 

• r.2 

• 2 ?, b0 

• 26.72 

- 31.52 

• 56,1 c ; 

- 01 , 3o 

- 50,00 

- 52,20 

• r.t 

- 23,00 

• 2 «, 5 ? 

-? 8,02 

• 52.59 

• 37,^0 

• n 60 

- 07.10 

• 1,0 

• 22,00 

• 2 ?, 3 ? 

• 25,52 

• 28 , 6 ^ 

• 33,50 

• 36,20 

• 02,00 


• 20,20 

•20112 

• 22.62 

- 25.55 

- 26, 60 

- 35.20 

• 36.60 

-.0 

• 18,00 

• 1R>7 

• 20,12 

- 22.29 

- 25.70 

- 28,70 

• 31,60 


• 1 to ,60 

• 16,27 

• 17,82 

• 16, On 

• 22, ?0 

- 20,60 

• 26,80 

-^6 

• 10,80 

• 10,70 

• 15.72 

- 17,00 

- 16,10 

• 21,30 

• 25.10 

-;5 

- 13,20 

- 15 ’. 02 

• 13.62 

- 10,75 

- 16,00 

- 17,80 

- 16,80 


• 12,00 

• 12.02 

- 12,57 

• 1 3 , 1 0 

• 15.60 

• 15,00 

• 16,60 


• 11,70 

•1 f >7 

• 11.02 

- 11.59 

- Jl,60 

- 12,50 

• 13,50 

-;2 

• 1 1,20 

• 1 1,02 

• 10,52 

- to,?5 

• 10,10 

- 10,10 

• 10,50 

•’.1 


- 10,57 

• 10..00 

• 6 , 0 i 

- 8,85 

• 8,30 

• ,1 fc 0 

0,0 

• 10,70 

• 10,02 

- 6,82 

• 6,15 

• 8,00 

• 7.53 

- 6,51 


• 10,80 

• 10,50 

• 1 0 , 0 t 

• 6,05 

• 8,60 

- 8,00 

• 7,70 

'.2 

• 11,10 

• 10,66 

- 10.57 

• 10,35 

- 10,00 

• 6,60 

• 6,70 

.3 

• 11.60 

• 11,63 

- 11.52 

- 11,^0 

• 11,00 

- 11,50 

-n ,80 

> 

• 12.52 

- 12,50 

- 12,57 

- 12,65 

• 12.60 

- 13.30 

- 11,70 

.5 

• 13.20 

- 13.22 

- 13,62 

- 15,65 

• 1 0 , 0 0 

- 15.10 

- 19,50 

.0 

• 10,20 

■ 10.32 

• 16,62 

- 15,15 

- 15,60 

- 16,70 

- 17,50 

f7 

• 15,28 

• 15,52 

• 16, 12 

- 1 6 , 60 

• 17 , Of ) 

• 18,00 

• 16,30 


• 18, oq 

• 16,62 

• 17,52 

- 17,65 

■ 1 8,60 

- 20,10 

• 21,30 


• 17,70 

• 18,20 

• 18,62 

- 16,59 

• 2o , 0(j 

- 21,80 

• 23.00 

r.o 

• 18,69 

• 19.62 

• 20,32 

- 21 .09 

• 21 ,80 

- 23, SO 

• 25 ,00 

. r.i 

• H0,?6 

• 20,67 

• 21,72 

- 22,65 

- 23.50 

• 25,30 

- 26,60 

I'.H 

• 21.56 

- 22,37 

• 23 . 2 ? 

• 20 , 1 ? 

• 25,30 

- 27, 10 

• 28.80 

1' 3 

- 22,71 

- 23,67 

• 20,57 

• 25 , 7o 

• 27,00 

• 26,00 

- 30,60 

I'o 

• 20,00 

• 25 >? 

- 25.67 

• 27,25 

• 28,60 

- 30,80 

• 32,50 

1.5 

• 25,30 

- 26 . 3 ? 

• 27,37 

- 28 . 7 ? 

• 30,60 

- 32,50 

- Sa,30 


30 







CASE 

HQDEl 

vE 

M/s 

V?/V1 

Tl 

DEG K 

Di 


W 1 

KG/b 

1 

? 

315,1 

1,159 

380,9 

377.6 

?,aRo 

a 

? 

«50,3 

1,178 

700,9 

399,3 

1.656 

3 

? 

9 86,3 

a; 098 

399,8 

702.6 

a.?53 

9 

a 

933,? 

1 ,893 

905,7 

705,9 

?.?9« 

5 

? 

369, 1 

1.581 

387.1 

705.9 

3,?97 

6 

a 

38?, 0 

1 ,7?8 

9 0?, 1 

805,9 

?,a56 

7 

? 

550,5 

a, 561 

0 13,3 

1077,1 

a. 299 

8 

a. 

90?. 5 

?’,?85 

913.7 

1 065,9 

2,361 

6 

a 

9 65,9 

1.9 3? 

695.9 

709,3 

1 ,710 

10 

a 

589,5 

r,796 

7oa,« 

901,5 

1,679 

1 1 

a 

31?. 7 

l,?06 

389,8 

901,7 

?,30 9 

la 

a 

956,? 

1,599 

693,2 

‘’06.5 

1.699 

1 3 

? 

563,6 

1.815 

700,9 

1 09 3. 7 

1,711 

19 

? 

557,9 

1 ,9t5 

81?, 6 

703.? 

1,532 

15 

a 

85i ,? 

1 ,51 a 

808,7 

807.1 

1 , 5&9 

1 6 

a 

«75.8 

1 ,?Oil 

805.9 

697.1 

1 ,625 

17 

a 

69?, 1 

1 '.099 

800,7 

1097.1 

1 .589 

18 

a 

995,0 

1,338 

800,7 

1 009,5 

1,612 

19 

a 

617,3 

1,313 

810,9 

1005,9 

a, 089 

ao 

a 

559,1 

1,065 

000,7 

1 007,1 

a. 19? 

ai 

a 

639,5 

1 ,0?7 

820,9 

706,? 

?,S01 

?? 

a 

75'f,3 

1.306 

B?9.3 

1 099,3 

2.376 

?3 

? 

65?, 0 

1,17a 

8ia,i 

1003,? 

?,609 

3« 

? 

598,5 

1,385 

1067,1 

719,0 

1.392 

?5 

3 

5«3,3 

1 ' ?90 

1 P.9a,3 

909,0 

1.579 


Kli/& 


VI 

M/S 


V 2 

M/S 


Pi/PA P2/PA 


1.P69 
1,997 
a. 715 
a, 099 
1 ,«P1 
1.319 
a. 333 
i. 7 as 
a, 096 

a, 376 
,785 
1 ,aso 
1,716 
a, 637 

1 ,80t> 
l, 30 i» 

a, 165 
1,177 
1,679 
1,176 

a.oba 

a,7«o 

1,689 

a, 679 

1,863 


a 93,5 

901.7 

303.9 
30?, 7 
? 96,6 
. 301,8 

309.7 

310.0 

9 00,8 

9 oa ,3 

? 97,2 
597 , «; 

399,6 
939, *5 
931 ,3 
039 ,? 

931.0 

033.1 
591 ,6 

596.5 

630.9 
6?9,? 

610.8 
50?, 6 

508.9 


390 , a 

973,9 

637.6 

573.0 

965.8 

531.5 

793.1 

708.9 

573.9 

731.8 

358.9 

539.0 

739.8 

633.5 

653 . a 

539.0 

797.1 

579.7 

711.9 

582.2 

637.9 

865.3 

715.7 
6 9<s,5 

655.9 


i.sao 

1,510 

1,530 

1,530 

1,530 

1,530 

1.530 

1.590 

1.530 
1,510 
1 .530 

1.530 

1.530 

1 .530 

1.530 

1.530 
1 .530 

1.530 
1,990 
a. 030 
a, 500. 
a, 500 
a. 950 

1.530 

1.590 


1.780 

1.190 

1.330 

3.980 

i.eoo 

1.770 

3,310 

2,990 

3.500 

3.190 
1,390 
1,800 
3.550 
3.150 

2.500 
1.810 
3.180 

1.780 
3.970 
1.790 

3.190 
9,090 

3.980 

3.330 

3.530 




U) 

ro 


Table 10. - Concluded 


CASE 

HUDEL Vt 
M/S 

vp/vi 

T1 

DE(i 8 

T2 

UEli K 

wl 

K G / 

? 

Kb/6 

VI 

•M/S 

V2 

M/S 

Ml/PA 

P2/PA 

26 

? 

^81 ,5 

1,572 

1077.1 

10 82,6 

1,366 

2,1»5 

509,1 

792,5 

1,590 

3,190 


3 

5B6.2 

1 ,U69 

810,9 

701,5 

1.123 

3,961 

939,0 

635.5 

1.510 

1,200 


3 

5.31 ,B 

1.526 

809,3 

700,9 

1.151 

2,703 

932.8 

573.9 

1,510 

2.510 


3 

693.9 

2,567 

998.7 

1099,3 

1.617 

2,961 

319.7 

820,8 

1 .520 

1,450 

3t> 

3 

53^, B 

2.295 

919,8 

10«8,7 

1,709 

2,165 

312.9 

716,9 

1,590 

2.S00 

3t 

3 

933,9 

1 .935 

397,6 

1089,8 

1 .779 

1,516 

503.0 

586,1 

1 ,510 

1,810 

3? 

5 

306,9 

r.06b 

389.3 

702,1 

t ,623 

1,089 

299,0 

118,8 

1,510 

1,300 

33 

3 

TUB ,9 

l,9«5 

893,7 

1079,8 

1.230 

3.919 

991 ,7 

858,9 

1,510 

4,060 

3<t 

a 

3U7 ,3 

1.529 

282,2 

593.3 

9.739 

2,9A9 

293.8 

999,3 

1.762 

2,(;'9 8 

35 

n 

u 9 0 , 2 

1,990 

930,6 

832.8 

3.996 

2, woo 

338.3 

673.3 

1,692 

2,960 

36 

a 

•5U1 ,0 

1 ,517 

676,9 

730. ij 

2.519 

2,753 

399,9 

598,3 

l,52b 

2,640 

37 

a 

bl?,8 

1,983 

877.2 

1 0 0 u , n 

?,592 

3,136 

397 ,? 

787,6 

1,536 

3,552 

3« 

u 

67n,6 

1.9QI 

60 9,9 

1087.8 

2.522 

3,276 

929,6 

895.5 

1,509 

3,877 

39 

a 

38ih,ci 

1 ,980 

557,2 

551.7 

2.372 

2.505 

313.0 

956.9 

1,177 

2.07U 

«0 

a 

9 77,3 

1.956 

551,1 

752.? 

?,923 


515.5 

6lb,9 

1,389 

2,734 


a 

8*iU,6 

1.501 

557.2 

786,1 

3.539 

3 » H h t> 

9ge,5 

693,1 

1,869 

2,861 

«a 

a 

628,3 

1 ,98/1 

55»>,7 

1091.7 

3,569 

3,293 

9?6,7 

896,9 

1,860 

3,864 

fl3 

a 

930,7 

2,030 

288.9 

69H , q 

9.717 

3,529 

299,0 

606.9 

1,796 

3,179 

an 

a 

U 1 9 , « 

1,983 

927.2 

523.9 

3.503 

3.190 

336,8 

999,6 

1,641 

2,577 

as 

u 

971,6 

2,026 

926,7 

930,0 

3,9 86 

2,9 15 

332, 2 

673,0 

1,619 

2,604 

96 

a 

969,5 

1,517 

552,8 

573.9 

2.813 

3.363 

362 • 9 

599,9 

1,552 

2,897 

67 

a 

528,8 

2,039 

556*7 

1097,? 

2.883 

2.260 

365 * 6 

739.9 

1.552 

2,657 

98 

a 

h75,7 

1,2«3 

806.7 

953.9 

3,827 

3.110 

609,3 

757.9 

2,961 

3,401 



TABLE n 


SPECTRAL COMPARISON PARAMETERS FOR STATIC DATA CASES. 


CASE 


60 

75 

90 

UlHECTJViTy 
105 120 

AN6L6 

130 

too 

150 

195 

1 

COWS CUEF 

,951 

.051 

,906 

, T99 

,026 

.952 

.230 

,905 

,500 


8Tf) 0£V 

2.785 

6,630 

1,006 

2.395 

2,655 

0,170 

15,926 

3.203 

9,693 


DELTA OASPL 

i ,960 

•6.013 

,550 

,990 

2.100 

3,600 

10.521 

3,690 

•2,031 

2 

COP« CQEF 

,876 

.915 

,Rl8 

,7«9 

.737 

,635 

,701 

,803 

,150 


8TO OEV 

P.8«5 

5,507 

2.320 

3.153 

3,108 

5,333 

0.O02 

3.905 

0.033 


delta UASPL 

•2, <*0 0 

2,00? 

•1.327 

•1 • (>35 

-.092 

1,026 

2.253 

2,020 

•1,632 

3 

CORK COEF 

.TQ-P 

,0.13 

.072 

.913 

,007 

,90S 

.025 

.793 

,619 


8 TO DEV 

3.357 

0,020 

1,996 

2.078 

2,968 

2.250 

1.710 

2,969 

5,790 


DELTA UASPL 

•,612 

-2.503 

-.703 

-1,307 

-.079 

-.097 

-.233 

,992 

2,710 

u 

CO»« CUEF 

.071 

,915 

.959 

,050 

,099 

,961 

,905 

.933 

,617 


8TO DEV 

3.360 

2,061 

t.«0 7 

2,972 

2.769 

2.000 

1.302 

2,772 

6,906 


DELTA UASPL 

•.250 

•1,371 

-.110 

•1 ,503 

•1 ,205 

•,613 

,002 

2.237 

2,901 

5 

CORK CU£P 

.902 

,000 

,9U 

,779 

.911 

,953 

,900 

,950 

,776 


STD DEV 

2.332 

3.529 

2.1U6 

3.073 

2,563 

5,069 

3,507 

5,369 

5,160 


delta oaspl 

.573 

1,092 

•, 1 7Q 

-,360 

100 

1,092 

3.100 

0,251 

3,079 

6 

COHW COEF 

.937 

,067 

,905 

.776 

,9l« 

,960 

.991 

,966 

,000 


8T0 DEV 

1,909 

3.937 

2.537 

0,363 

2.961 

2,360 

2,007 

3,551 

0,150 


DELTA 0A8PL 

,136 

,206 

•1 ,035 

•1,266 

•1,009 

.059 

2.309 

3,727 

3,205 

7 

CQRR CUEF 

,758 

,019 

.007 

,802 

,913 

,981 

.976 

,953 

,772 


8TO 0£tf 

« ,079 

3.017 

2.502 

3,737 

3.060 

2,172 

1.722 

3,655 

7,560 


DELTA UASPL 

1,079 

,199 

,961 

-.325 

•1 ,600 

-,035 

1.0«1 

2,717 

3,720 


CaJ 

CJ 




Ca> 

4 :^ 


Table 11. - Continued 


CASE 


bit 

75 

90 

UiPtCTIVlTY 
Jo5 120 

angle 

130 

lUO 

150 

165 

6 

COPH CUEF 

,«07 

,937 

,h /3 

,750 

,694 

,954 

,97b 

.955 

,779 


8 T 0 OEV 

4.379 

2,059 

2.334 

3.939 

3,659 

2.792 

1,591 

3,161 

5,405 


OEUTA OA8PW 

1,473 

,585 

-,590 

•1,761 

•3,116 

•1,768 

,867 

2,413 

2.932 

0 

CyPH COEF 

,860 

,909 

,950 

,683 

,946 

,966 

,904 

• /96 

• 601 


STD OEV 

3,042 

2,274 

1,3^6 

2,185 

1.932 

1 ,465 

2.166 

2,901 

4.773 


DEUTA UASPL 

•1,266 

•1,051 

-,l 77 

•,36 0 

• , 2 9 0 

,642 

1,410. 

1.143 

1,311 

10 

COPP CUEf 

,784 

,661 

.929 

,697 

.933 

,<175 

.951 

,966 

,810 


8T0 Dgv 

3.5P2 

2,811 

1,377 

2,0b3 

2,094 

1,402 

1,461 

2.2l« 

6,789 


delta 0A8PL 

,082 

-.821 

.336 

-,046 

-1,030 

• , 873 

•.109 

-,06l 

1,6«7 

ll 

COPH CUEP 

,979 

,.968 

,936 

,684 

,708 

.921 

.983 

,979 

0,000 


STD DEV 

1,797 

2,024 

1 .642 

3,286 

2.955 

4,720 

4,716 

4.915 

0,000 


DELTA 0A5PL 

1,074 

1,337 

,812 

1,161 

1,162 

3.390 

4.699 

4,776 

0,000 

u 

COPP COEF 

,979 

.971 

,961 

,P11 

,963 

,694 

,959 

,696 

0,000 


STD DEV 

2,102 

1,931 

1,322 

.3,206 

1,762 

2,155 

3.826 

4,149 

0,000 


DELTA UA3PL 

•,260 

,240 

-.125 

.338 

,264 

1,738 

3.352 

3.036 

0,000 

13 

COPH CCE^ 

,398 

,694 

,901 

,650 

,955 

,960 

,919 

,662 

.65 7 


STD UEV 

6,846 

2.767 

2,3«0 

2,642 

2,130 

1 ,268 

2,013 

2,675 

6,901 


delta oaspu 

• , OSS 

•,?65 

,246 

- , 67 1 

-1,727 

-,915 

.258 

,564 

1,907 

14 

COPH tUEE 

, 6 t 0 

.725 

,P06 

.852 

.933 

,895 

.746 

,919 

,662 


STD UEV 

S.923 

4,301 

1.460 

2,467 

4,363 

1 ,672 

2.499 

1,670 

4,564 


DELTA UASPL 

-3.571 

-3,248 

-,4 30 

,166 

2,676 

.056 

•,351 

•,32b 

,424 

15 

COPH CUEF 

,830 

.926 

.943 

,693 

,967 

,962 

,927 

,917 

.947 


8TD DEV 

4,562 

1 , 6 n 3 

2,058 

2,726 

1,816 

1 .315 

1,629 

2,422 

2,794 


DELTA UASPL 

-.621 

.167 

• , 0 2 0 

•1.765 

-1 ,366 

-.538 

,149 

,134 

•,862 ' 



16 

1 

CPKK CUt.'“ 

1 

.91 1 

,99 0 

, pf^h 


STO DfcV 

2.71 3 

2.731 

1,51 1 


delta DASPL 

,026 

1.988 

,6 86 

17 

C0«p CO£F. 

n.noo 

,899 

,919 


STD P£v 

n , 0 0 0 

2,289 

1.903 


DELTA DASPL 

(1 ,000 

-,09ft 

.592 

1 e 

Cn«N COEF 

0,0 Co 

,92? 

.973 


STD DEV 

0,000 

9,997 

2.957 


delta uaspl 

0,000 

-.197 

-1,397 

1 p 

CO«« COEF 

.968 

,758 

,979 


STD OfcV 

38,990 

3,51? 

2,639 


dflta uaspl 

3U.913 

1 , 3 

1,921 

20 

CdM« luef 

,679 

,965 

,999 


STD DEV 

10,039 

3.801 

3.971 


delta OASPL 

•5,6l 1 

9,07? 

3.099 

21 

CDP6 guEP 

.290 

,92ft 

,968 

1 

ST!) !>fcV 

12.619 

9,799 

5.161 


DELTA I'ASPL 

8,921 

3,907 

9, i50 

22 

CU«F COEF 

,585 

.715 

.977 


STD Dtv 

12. 12? 

9,579 

3,ft?5 


DEUTa DASPL 

-5, 5*^6 

2,801 

3,519 

23 

COPP COEF 

,«8b 

, 790 

, o52 


STO ULv 

10,167 

9,219 

3,68a 


delta uaspl 

-7,031 

1 .002 

2,o92 


IJIWECTI Vi TY 
105 120 

A N (i U £ 

1 30 

1 «0 

150 

165 

,9y9 

2,399 

.336 

,995- 

2,269 

,999 

.969 
2,916 
1 ,839 

,996 

9,307 

2,506 

.935 

9,265 

2,018 

,906 

2.956 

,166 

,890 

2,165 

-.358 

.951 

2.105 

-1,123 

,978 

1,936 

-,767 

,951 
1.791 
- , 0 36 

,950 

2.190 

-.322 

.875 

5.6S0 

-.352 

.927 

2.396 

-,979 

,989 

1,519 

-,5H« 

,968 

1.392 

.830 

,99b 

2,525 

1.739 

.935 

2.913 
1 ,069 

,862 

5.259 

1.011 

,908 

?,9«2 

1,050 

,990 

2,972 

1.195 

,981 

2.175 

1.302 

,983 

2,l7l 

,927 

.973 

2,671 

-.911 

,870 

2,639 

.520 

,9b9 

3,969 

2,5a5 

,991 

9,206 

2,627 

,966 

9,393 

2,999 

,080 

3.538 

,856 

,962 

3.626 

-,268 

,866 

3.278 

2.226 

.971 

9,962 
3 , 8 0 8 

, v*# 1 
5,199 
3.720 

,008 

9.379 

2,99? 

,956 

3,137 

-.215 

,97u 
3.321 
1 .200 

,916 

5,623 

2,899 

,950 

3,833 

2.293 

,980 

9,276 

2.8«l 

,973 

3,096 

1, 0 03 

,986 

2.992 

.352 

,979 

3.577 

1,728 

,976 

9,593 

2,619 

,939 

3.650 

1,699 

.99 1 
9,109 

2,523 

,676 
3,951 
1 ,860 

,953 
3.323 
• , b29 

.955 

3,777 

,69b 

,93? 

9,9«3 

2,019 




u> 


Table 11. - Continued. 


CASE 


• hO 

75 

90 

UlHtCTI Vi TT 
1.05 120 

angle 
,1 30 

loo 

ISO 

165 

2a 

COf<K COEF 

“.pTf 

.771 

,921 

,90 1 

.96 1 

,959 

.915 

.950 

,835' 


S7 0 I'tV 

1 J ,9S8 

3.B53 

1.679 

2,319 

2,503 

2,0 05 

2.109 

2 , U / 

0,997 


0F.L1A UASFL 

•F , H29 

- 1 . 3 J 1 

.773 

, o«6 

1,216 

1 ,?1 1 

,071 

■ , 7b8 

2,0/7 

25 

COW» COEF 

,359 

.255 

,9«0 

.920 

,96b 

,923 

,928 

,969 

1 8 f» c! 


8T0 DEV 

6,B9« 

5.21 3 

t , 5 1 a 

2,552 

2,016 

2,632 

2,051 

2.369 

0,807 


delta C3ASPL 


» i , 5oS 

1,?«9 

- , 0 06 

.539 

,829 

,710 

,279 

2,006 

20 

COW« CQEF 

, «3b 

.572 

,953 

.931 

,970 

,906 

,919 

.961 

,979 


8TD DEV 

5.0 29 

3,928 

2,791 

2.869 

2, bib 

2.338 

2,628 

2,390 

1,695 


delta oaspl 

-3,aa? 

.917 

2,71b 

1 * 1 b b 

1.392 

1,265 

1.025 

.593 

1,383 

27 

COEF 

,9V(, 

,9b2 

.«5b 

.936 

,916 

,985 

,929 

,925 

,903 


STO DEV 

1 ,5?3 

3.0US 

3,8ai 

2,985 

3.733 

2,602 

2,110 

2,330 

0,906 


delta DASPk. 

-1 ,27J 

-2,1 57 

•2.027 

,159 

1,256 

1 ,583 

1.631 

.712 

,817 

2d 

COFK CDE'P 

,0^0 

,96 0 

,992 

,909 

,900 

,0 76 

.916 

.9iU 

,920 


STD DEV 

2,5«a 

1.30? 

2.101 

2,290 

3,15b 

2,862 

2.306 

2,060 

0,639 


DELIA UASPL 

,354 

", 390 

".597 

,5u2 

1,208 

1 ,782 

1.789 

,815 

1,035 

29 

C(i»H COEF 

, S 5 1 

,90 1 

.91 1 

.»27 

,900 

,978 

, 960 

.926 

,911 


STD DEV 

1 .930 

2 , 5 b 0 

3,059 

3.310 

3,560 

2.A106 

1,790 

2,762 

5,202 


DELIA UASPL 

•,156 

-1,518 

-1.531 

-1.133 

•1,217 

-,213 

1,615 

2,121 

l,2»6 

30 

cdkh cuef 

,9lu 

,970 

,920 

.600 

.915 

,977 

,955 

.862 

,855 


STO [)EV 

3,033 

1 .279 

2.617 

3.639 

3,857 

2,175 

1,723 

3,000 

0,902 


delta uaspl 

1 , 1 7 0 

", 6 0 7 

-1,718 

-2,299 

•2,390 

-,938 

1,020 

1,976 

1,796 

31 

CUFiT UuEF 


.905 

.80fa 


,697 

,987 

,950 

,8b« 

.810 


STD DEV 

3. 1>2 

5 , 0 0 6 

0,312 

6,133 

5,000 

2,969 

1.715 

3,087 

3, 805 


delta UA3PU 

-2.500 

•3,506 

-3 , 965 

•3,659 

-2,999 

-.735 

1.588 

2 , 666 

2.79J 



Table 11. - Continued. 


CASE 


hi) 

75 9U 

UIKECTlvny 
105 120 

AM6LE 

130 

\90 

150 

165 

32 

CO»K COEF 

,««6 

,961 ,950 

,956 

,995 

.983 

,990 

,981 

,955 


3T0 Otv 

6 , 1 1 9 

9,226 5,128 

9,659 

0,162 

9,299 

0,068 

3,656 

5.032 


DELTA UA8PI 

-1,97? 

,081 -l,ol8 

,050 

1,198 

1.787 

2.969 

2.153 

1,039 

33 

CORH CHEF 

,«57 

,867 ,999 

.905 

,962 

,960 

.959 

,975 

.686 


8TO dev 

9.997 

9,115 9,563 

9,532 

5,893 

2,599 

2.296 

1,965 

9.289 


delta OASPL 

-1 ,«9?- 

1.398 -1,190 

-1 ,618 

2,997 

1,098 

• , 1 36 

-,399 

•,625 

CASE 




directivity 

a>jGLE 






60 

90 too 

HO 

120 

130 

190 

150 

too 

3« 

COPP COEF 

.735 

.829 ,805 

.863 

,972 

,900 

,98<) 

,920 

• 685 


8TO OEV 

9,302 

9,611 S,o8a 

9,215 

2.873 

2,312 

1 1 J^3 

2,278 

6.602 


delta OASPL 

-2,602 

• 2,593 -2.730 

•2,636 

-2.202 

• , 962 

,355 

I./ 3 / 

uaov 

35 

CQPH COEF 

,8«3 

,993 .912 

,953 

,980 

,962 

.992 

,8 /a 

,827 


STD DEV 

3.351 

3,173 3,952 

3 .H 59 

3,076 

2.907 

2.817 

2,090 

5.997 


delta OASPL 

•9,023 

• 2,688 -3 , 181 

•3,213 

-3.683 

•2,907 

-1,051 

•,o2o 

-1,279 

36 

CQRH COEF 

,673 

,961 ,qh9 

,972 

,969 

,9 05 

,870 

,839 

.88/ 


8TD dev 

2,229 

2,869 2,980 

3.827 

3.560 

2,975 

2.673 

3,256 

5.529 


DELTA OASPL 

-2,131 

-2,331 -1,b5« 

-3,305 

-3,929 

• 2,731 

-1,238 

-.552 

•1.388 

37 

COHH COEF 

,831 

,956 ,995 

,962 

,937 

,931 

.853 


.759 


STD DEV 

2.885 

2,891 3.?09 

9,033 

0.097 

/I , 0 0 8 

9,07C 

9,312 

5,698 


delta OASPL 

-2.657 

•2,221 -1,767 

•3,799 

•9 , 20e 

- 9 , (■> 8 5 

-2,629 

•1,619 

-1,959 

38 

COR« COEF 

,582 

,927 .097 

.955 

,992 

,936 

,826 

,695 

,55b 


STO DEV 

9,119 

2,516 3.083 

3,930 

5,039 

9,576 

0,208 

0,009 

5, 95b 

1 

delta OASPL 

• 6 , 30 U 

•1,820 -1,778 

•3,803 

•9,509 

"9,1/6 

-2.750 

-1,879 

-2, 070 



COR« COEF 
8T0 Ofcv 
DFUTA UASPL 

CoR« CUEF 
»Tf> 06 V 
delta 0A8PU 

CORK COEF 
STD DEV 
delta 0A8PL 

C0«« COEF 
STD 06V 
OELTA OASI^L 

C0«« CUEF 
8T0 DEV 
delta 0A8PL 

CO«H CUEF 
5T0 DEV 
DELTA DASPL 

t0 R« COEF 
STD DEV 
delta UA 8PL 


60 


,«60 

2,776 

-.703 

,076 

t.017 

•,887 

.93S 

2.685 

- 2,376 

,863 

3,i27 

• 3,382 

,876 

3,060 

• 8,300 

.825 

3.027 

•3,285 

,966 

2,728 

- 2,263 

,969 
t .068 
-.053 


90 


,9S« 

3,136 

•1,566 

,936 

2,6o7 

•1,177 

,970 

2,761 

-1,899 

.951 

2,706 

• 1,«82 

,950 

2.839 

•2,83? 

,957 
2, 128 
•2,051 

,967 

3,220 

• 2 , 18 ? 

.957 

1.582 

-.225 


1 00 


,933 

3,608 

•»878 

,936 

3.193 

•.719 

,969 

3,067 

• 1,308 

,957 

3.227 

• 2,617 

,961 

3.182 

•2,675 

,935 

2.637 

•1.755 

,006 

3,957 

-2.379 

,930 

2,?50 

-.306 


COHH COEF 
STD DEV 
delta OASPL 


- Continued. 


DiRECTlVlTT 
HO 120 

angle 

130 

160 

150 

160 

.971 .983 

3,181 1,737 

•1.P29 -1,236 

,976 

1,137 

-.279 

,965 

2.130 

,936 

,860 

3,679 

2,17b. 

.762 

6,951 

2,766 

,950 ,967 

3,391 3,000 

•2,397 -2,891 

,935 

2,719 

•2,656 

,871 

2.997 

-,909 

,850 

3,861 

,602 

,799 

8,705 

1,100 

.977 ,959 

3.563 3,232 

•2,937 -s.iss 

,937 

2,630 

•2,180 

,866 

2.682 

•1,389 

,902 

3,196 

•1,230 

.898 

6.528 

•2,388 

,965 ,959 

*2 A « a 

,920 

.023 

,721 

,688 


3,860 3,873 3.860 3,671 6,686 5,25b 
•3,3U .3,689 -3,582 -2,o50 -1.670 -l.bM/ 

,966 ,92b ,93b ,886 ,«73 ,722- 
3,572 3,886 ?,122 S.085 6,106 5,827 
2,967 -3,372 -1,751 -1,666 «,299 ,i/3 

.956 ,970 ,981 ,953 ,821 ,7btt 
2.823 2,365 1,358 1.892 3,686 o,26S 
2,078 -1,722 ,179 ,jS5 1,22V ,jo7 

,957 ,992 .073 ,937 ,866 ,777 
3,838 2,b32 2,09b 2,056 3,737 5,023 
2,981 -2,b78 -2,002 ,06b 1,085 1,1S3 

,922 ,916 ,918 ,905 ,861 ,88b 
?,561 3,172 2,063 3,092 3,66b 5,389 
•.^80 -1 ,337 -l,r>28 ,586 1,688 ,ao2 




COKH COEF 

,pa«5 

,R«7 

,012 

8TC OEV 

2 . 2<»7 

3.233 

0,325 

f>f,lTA OASPU 

•1 • fe66 

•2,210 

•3.127 

CORK COEP 

,89P 

,ObO 

,ObO 

8TI? DEV 

3.325 

, 0 ' i 0 

3,0^^ 

DELTA 0A8PI, 

1,037 

1,01b 

,8ia 


- Concluded 


UlOECTl V J Tt 
1 1 '■ t d i' 

A '■ ti 1 , t 
1 

1 ',i 

! b ' 

1 . 

,0t>3 

,ooj 

,055 

,00*1 

.n3 

,»P2 

0 , 3tio 

3.265 

2.078 

2.063 

6,082 

5.<l«2 

3,805 

-3,010 

—2,886 

-,830 

161 

,0/0 

.055 


,775 

,910 

,ogo 

,710 

3,750 

3,78e 

3,211 

2,551 

6,2bi 

5,330 

,107 

,263 


-1,6«0 

1,217 

2,2‘»6 
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TABLE 12. 

COANNULAR JET FLOW PROPERTIES FOR WI 


CASE 

MOOEL 

v'E 

M/8 

V2/V1 

T1 

DEG 8 

T2 

DEG K 

>^1 

HG/8 

N. tv 
CD 

1 

7 

0 08,6 

r,56p 

392,6 

388,7 

.390 

.609 

? 

7 

369,0 

1,032 

397,6 

391,5 

.390 

.090 

3 

7 . 

059,0 

t ,879 

0 02,6 

577,6 

.013 

.500 

a 

7 

050,1 

1,901 

389,3 

590,0 

.013 

.503 

5 

7 

080,6 

2,068 

0 02,1 

692,6 

.0 17 

,090 

6 

7 

0 8 1 , 0 

?',08l 

'4 OR, 3 

698,7 

,008 

,072 

7 

7 

020,8 

1 ,908 

001 ,5 

70 1.5 

,0 17 

.309 

B 

7 

0 26,1 

1 ,90n 

390,3 

703,7 

.017 

.352 

9 

7 

073,3 

2’, 1 59 

388,7 

705,9 

,381 

.013 

to 

7 

0 1 9 . ! 

1,910 

3^2,1 

69 1,5 

,390 

,322 

J 1 

7 

022,5 

1 ,90K 

386,5 

705,0 

.395 

.331 

1 p 

A 

513,7 

2‘, 11? 

389,3 

7n2,6 

,3<i0 

,590 

13 

P 

507,0 

2.118 

39 3,2 

698,2 

.350 

.585 

1« 

8 

059,1 

1,920 

395,0 

708,7 

.331 

.050 

15 

R 

055,6 

r. 9 1 5 

300,3 

699.8 

.300 

,05B 

Ife 

R 

091,0 

1.913 

0 0 3 , 2 

589,8 

,300 

,600 

17 

« 

515,6 

2,069 

007,1 

705,0 

,295 

.508 

18 

R 

510,2 

2’, 089 

002, 1 

702,6 

,300 

.526 

19 

R 

053,0 

1.902 

393,7 

707,1 

.308 

.000 

20 

R 

055,0 

1.936 

388,7 

709,3 

.299 

.390 

21 

R 

082,2 

1 ,965 

379,3 

585,9 

.309 

• 67 b 

22 

R 

088,8 

1,950 

387,1 

^ 

595,0 

,305 

.685 


TUNNEL DATA. CASES 


VI 

M/S 

v2 

M/S 

Pl/PA 

P2/PA 

VA 

M/8 

300.2 

070,6 

1.530 

3.207 

101.5 

297,5 

026.1 

1 .508 

2.505 

101.8 

306,3 

575,5 

1.539 

3.2U 

31.1 

299,5 

580,9 

1 .530 

3.199 

61.3 

300,8 

630,3 

1 ,533 

3.201 

31.1 

300,8 

630,3 

1,523 

3.215 

61.9 

30 0.5 

573,3 

1,515 

2.511 

bi $ ^ 

3ul ,8 

573,3 

1,533 

2.503 

30,2 

295,0 

637,6 

1,51 0 

3.212 

129,5 

296,6 

567,5 

1 .530 

2.995 

129,5 

295,0 

573.9 

1, , 5 1 7 

2.501 

103,6 

300,8 

635.5 

1.538 

3.206 

31.1 

299,0 

633.0 

1,522 

3,203 

6 1 , 6 

299,3 

575.8 

1 .519 

2.506 

61,3 

298,7 

572.1 

1,519 

2,507 

30,8 

303 i 6 

580,6 

1.526 

3.200 

i03,6 

307,5 

636,0 

1,536 

3.201 

130,5 

300,2 

635.5 

1,530 

3.206 

103,6 

299,9 

570,6 

1,526 

2.066 

103,9 

297,8 

576,0 

1.525 

2.511 

129,8 

290,7 

579,1 

1,527 

3.205 

61.3 

299,0 

580,3 

1,533 

3.215 

29,9 






TABLE 13. 

SPECTRAL COMPARISON PARAMETERS FOR WIND TUNNEL DATA CASES. 



?n 

80 

90 

DIRECTIVITY 
lOO 110 

angle 

130 130 

190 

ISO 

CORR COCP 

,R71 

,989 

.979 

,970 

,958 

,966 ,953 

.R15 

,809 

8TO oev 

7,112 

5,638 

6,995 

5,039 

9,857 

5,391 8,251 

V.336 

9,233 

DELTA OA8PL 

•S.932 

-3.733 

•1.383 

-.777 

• ,839 

-.337 •.991 

-1.325 

-.677 

CORR COEF 


,930 

,9l6 

,903 

,693 

,870 ,789 

.793 

.619 

8TD dev 

P.5«R 

6,851 

7,p9l 

7,103 

6,085 

6,702 9,197 

10,397 

10,553 

delta oaspl 

-3.<»t7 

•1,592 

,07« 

,953 

,677 

,173 -l.llO 

-1,830 

-l,3«9 

CORR COEF 

,03P 

,960 

,967 

,967 

,918 

,695 ,856 

.993 

.919 

8T0 dev 

3,155 

3,015 

3,s9i 

3.168 

3,085 

1,902 3,589 

2,796 

9.901 

delta OA8PL 

•3,106 

• 2 gS 1 6 

-1,1 96 

-,797 

-1,357 

•1,906 -2,195 

,599 

3,503 

CORR COEE 

,906 

,9ao 

,969 

.939 

,880 

,918 ,837 

,906 

,939 

8TD DEV 

2,9PS 

3,876 

3.093 

3,720 

3,708 

3,975 3. lie 

2,739 

9,799 

delta OASPL 

-3,901 

-3,963 

-1 ,5RR 

•1,231 

-1.393 

•1,932 -s.soa 

• ,331 

3,827 

CORR COEE 

,926 

,9aq 

.939 

,929 

,897 

,918 ,936 

,957 

.990 

8TD OEV 

3,096 

3,888 

3.706 

3,395 

2,787 

3,593 3,199 

2,699 

6.100 

DELTA (USRL 

-3.978 

•3.777 

•1,607 

•1 .590 

•3,159 

-3,900 •1.739 

,077 

8.230 

CORR COEE 

,903 

.R37 

,935 

,896 

,812 

,888 ,915 

,993 

,919 

8T0 DEV 

3,008 

3,870. 

3.171 

3,000 

3,399 

3,035 3.678 

2.311 

5.018 

delta OASPL 

-3,89(1 

•3.017 

•1,681 

"1 ,579 

•3.030 

-3.953 -3,097 

-,317 

3.998 

CORR COEE 

,915 

,909 

,871 

,796 

,753 

,882 ,928 

,999 

,933 

std oev 

3,375 

8,660 

3.699 

3.162 

3.587 

3.335 3,601 

3,103 

5.050 

delta OA8PL 

1 

•1,375 

-,370 

••301 

•1,958 

•3,283 

-2,730 -3,198 

• ,990 

3,073 
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Table 13. - Continued. 


CASE 


TO 

80 

90 

DIRECTIVITY 
100 110 

amgle 

120 ISO 

140 

150 

8 

C0»« CQEE 

,958 

,909 

,919 

.648 

,794 

,911 ,950 

,959 

,925 


STP DEV 

.2,T«J 

2,706 

2.839 

3.001 

3.392 

2.975 2,287 

2.303 

4,43b 


DELTA OA8PL 

• 1,689 

•1,100 

-1,092 

•2,230 

-3.068 

•3,197 -2,114 

• ,0b9 

1,970 

9 

COR« coee 

,856 

.922 

,906 

,821 

.725 

,828 ,878 

,768 

.773 


STD t)£v 

6,316 

5,679 

7,706 

6.358 

5,756 

6,382 10,747 

14,370 

14,791 


delta riASPL 

•I.OIP 

.3,591 

•2.253 

-2,034 

•2,010 

•2,749 •3,451 

•3,210 

•,745 

10 

COEF 

,856 

,767 

,735 

,667 

,o52 

,809 ,809 

,594 

.631 


STD DEV 

a,0'43 

7,77! 

7,3*7 

6,217 

6,407 

7.312 12,391 

15,263 

14,162 


delta oaspl 

•1 ,090 

..«oi 

.l*o 

- ,958 

mi OPQ 

-3,185 -5.052 

-5.706 

-2,687 

1 1 

COPR COEF 

,897 

,845 

.805 

.711 

,6^4 

,835 ,90b 

.923 

.879 


STD OEV 

a,a35 

5,093 

6,773 

«».8S2 

5,076 

4,475 8.563 

10,055 

9,625 


delta oaspl 

•1,?«6 

.,081 

,1«4 

•1 , 3o4 

-2.053 

-3,074 -3,137 

- 2.034 

,3»3 

12 

CORR COEF 

,878 

.920 

,966 

.975 

.922 

,956 ,992 

,987 

,95-4 


STD DEV 

5,552 

3.041 

2,491 

1,988 

2.494 

1.918 l,5«l 

2,874 

5.363 


DELTA OA8PL 

-2, HIT 

-1,957 

-1.122 

•1 ,270 

•1,063 

-1,558 -,803 

.597 

2,070 

15 

CnRR COEF 

1 

,866 

,903 

,958 

,960 

,894 

.'’SH ,977 

,982 

.955 


STD DEV 

3,0D8 

3,036 

2,656 

2,374 

3,208 

2,481 2,961 

3,291 

5,383 


DELTA OA3PU 

•3,281 

•2,413 

-1,?29 

•1,293 

-.908 

-1,514 -.863 

.571 

2,713 

1« 

COPR COEF 

.922 

.910 

,904 

,903 

,806 

,«99 ,967 

.976 

,919 


STD DEV 

<1,0 60 

2.732 

2.297 

2.469 

3,734 

2.773 2,037 

3.176 

5.633 


npLTA OASPL 

•5,526 

•1,499 

-,583 

•»445 

• .565 

•1 ,847 -1,066 

1.27? 

1.820 

15 

CnPR COEF 

.921 

,894 

,889 

.920 

.814 

,911 ,966 

.958 

,908 


STO dev 

3;55? 

3.207 

2,759 

2.635 

5.151 

2,733 2,035 

2,660 

4,805 


delta OASPL 

•<J,l5l 

•3,205 

-1,909 

•2,262 

-2.482 

•2,817 -1,532 

• ,197 

1.485 




Table 13. - Concluded. 


CASE 


— 

16 

CORR UOEF 
STD DEV 
DELTA OA8f»L 

17 

COPR COEF 
8TD dev 
delta 0A8PL 

1« 

cnPP coef 

STO D£V 

delta daspl 

19 

CORR COEF 
9TD DEV 
delta 0A8PL 

ao 

CORK CDEF 
8TD DgV 

delta oaspl 

21 

CORN CORF 
STD DEV 
delta OA8PL 

aa 

CORR CDEF 
8TD DEV 
DELTA 0A8PL 


70 

80 

90 

.9«5 

.931 

,976 

5,956 

9,583 

5,052 

•a'.boa 

•1.533 

• , 1 60 

,061 

,925 

.958 

7,«15 

7,500 

7.115 

■ S , 67<» 

•a, 600 

-,018 

,066 

,919 

,962 

5,319 

3.526 

9,990 

•3,919 

•2,1 80 

•,q76 

,9aa 

,077 

.063 

9,166 

9,730 

6,?92 

-5,792 

-1,915 

• ,«79 

,900 

0.635 

,090 

,016 

6,9a? 

7,039 

• 9,355 

•a.330 

-1,166 

,907 

,990 

,971 

5,367 

2,989 

2,007 

•1,166 

•2,?79 

•,907 

,919 

.995 

.971 

3,6Rf 

3,015 

2,612 

•3;io5 

•a,92o 

-1.119 


OIWECTIVITY ANGtF. 


100 

UO 

120 

,960 

,9 3r 

,696 

3,659 

9,628 

9,350 

-,0«2 

,53b 

,690 

,930 

,85b 

,0 96 

6.923 

5.132 

5.303 

•1,199 

-.790 

-,«79 

,9aa 

,869 

,612 

3.329 

9,296 

9 , a 1 9 

•1,172 

-.788 

-1.115 

.036 

,795 

,066 

3,8ua 

9,699 

5.160 

-.922 

•1,100 

• 1 ,626 

,799 

,728 

5.871 

,051 

7.231 

6,311 

• 1,206 

-,99b 

-1 ,003 

.959 

,926 

,653 

a.«3P 

.3,197 

2,371 

•1.155 

-.595 

-.630 

,950 

.939 

,966 

t.930 

2.219 

1 ,669 

-1 .366 

• ,960 

-1,055 


130 

190 

150 

,979 

7,050 

,975 

,986 

8,395 

1,976 

, 925 

9,703 

3.188 

,990 

10,3«2 

-2,062 

,P9« 

11.912 

-,82l 

,877 

11.011 

1,609 

.963 

7,039 

•1,903 

,968 

6,619 

,066 

,899 

9,963 

2.287 

,999 

9,290 

•2,077 

,961 

10,631 

-,091 

,922 

10,783 

1,596 

,651 

11.103 

-9,092 

,989 

19,093 

-3,7«)fl 

,887 

12,902 

.299 

,906 

1.892 

•.257 

,979 

1,691 

,659 

,919 

9,138 

2.598 

,992 

I.5IR 

•,P6l 

.979 

2,910 

,900 

,927 

5.321 

2.175 






Figure 1. —0.75 Area ratio static test coannular nozzle - model 2. 
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Figure 2. -1.2 Area ratio static test coannular nozzle - model 3. 




Figure 3. - 0.647 Area ratio static test coannular plug nozzle - model 4. 
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Figure 6, -Jet noise density exponent. 
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Figure 8. - Coannular jet power reduction factor, Q. 
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Figure 9. 


Coannular jet noise directivity index, D. 
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Figure 10. -Jet noise forward velocity index. 
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Figure 12. - Coannular jet two component spectrum. 
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Figure 14. - Location of second peak Strouhal number, Sg. 
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DIRECTIVITY RNGLE.e. DEGREES 
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(b) Directivity angle, 130 degrees. 
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Figure 15. - Continued. 
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Figure 15. - Continued. 
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(d) Directivity angle, 150 degrees. 
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Figure 15. - Continued. 
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(e) Directivity angle, 165 degrees. 


Figure 15. - Concluded. 
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CORR. COEF. .R. PERCENT CORR. COEF. .R, PERCENT 



Ve/Coo 


(a) Directivity angle, 60 degrees. 



Ve/Co» 


(b) Directivity angle, 90 degrees. 

Figure 17. - Spectral mean square pressure correlation 
coefficients for static data cases. 
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STD. DEV. ,SD, DB STD. DEV. ,SD. DB 



Ve/C«, 


(a) Directivity angle, 60 degrees. 



Figure 18. - Spectral sound pressure level standard deviations for 
static data cases. 
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PREDICTED - MEfiSURED ORSPL. DB PREDICTED - MEASURED OfiSPL. DB 



-8 1-0 1.2 1.4 1.6 O 1.8 2.0 2.2 


Ve/Co. 

(a) Directivity angle, 60 degrees. 



(b) Directivity angle, 90 degrees. 

Figure 19. - OASPL comparisons for static data cases. 
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PREDICTED - MEfiSURED OflSPL, DB PREDICTED - MEfiSURED OflSPL, DB 




Figure 19. - Concluded. 
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CORR. COEF. ,Rr PERCENT CORR. COEF. ,R, PERCENT 



Ve/Coo 


(a) Directivity angle, 60 degrees. 



Ve/C«> 


(b) Directivity angle, 90 degrees. 


Figure 20. - Spectral mean square pressure correlation coefficients for 
wind tunnel data cases. 
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CORR. COEF. ,R, PERCENT CORR. COEF- ,R, PERCENT 



(c) Directivity angle, 120 degrees. 



.8 1.0 1.2 1.4 1.6 1.8 2.0 2.2 

Ve/Coo 


(d) Directivity angle, 150 degrees. 


Figure 20. - Concluded. 
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STD. DEV. »SD, DB STD. DEV. ,SD. DB 



(a) Directivity angle, 60 degrees. 



Ve/Coo 


(b) Directivity angle, 90 degrees. 


Figure 21. - Spectral sound pressure level standard deviations for 
wind tunnel data cases. 
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(c) Directivity angle, 120 degrees. 



Figure 21. - Concluded. 
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PREDICTED - MEfiSURED OfiSPL, DB PREDICTED - MEfiSURED ORSPL, DB 
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(a) Directivity angle, 60 degrees. 
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(b) Directivity angle, 90 degrees. 

Figure 22. - OASPL comparisons for wind tunnel data cases. 
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PREDICTED - MEfiSURED OfiSPL, DB PREDICTED - MEASURED ORSPL, DB 



Ve/Coo 


(c) Directivity angle, 120 degrees. 



(d) Directivity angle, 150 degrees. 
Figure 22. - Concluded. 
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APPENDIX A 


Typical Static Case 


Spectral Distributions 
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FLOW PROPERTIES FOR CASE 1 



NOZZLE 

MODEL 2 



tPORWflRD FLIGHT VELOCITY, Vo = 

0.0 M/S 



TEMPERATURE 

VELOCITY 

MASS FLOW 

pt/Pa 


Ijf DEG K 

V. M/S 

W. KG/S 

PRIMARY 

380.3 

233.5 

2.2737 

1.5200 

SECONDARY 

377.6 

340.1 

1.3630 

1 .7800 

EQUIVALENT 

373.3 

315.1 

4.2488 



REFERENCE RADIUS = 45-7 M 




DIRECTIVITY ANGLE - DEGREES 

FIGURE A1 . SPECTRA COMPARISON FOR CASE 1 
(A) FLOW PROPERTIES AND DIRECTIVITY PLOT 
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SPL, DB SPL, DB 



FREQUENCY I., HZ 


FIGURE fll . SPECTRA COMPARISON FOR. CASE L 
(B) DIRECT IV m AN6EE = 60 DEGREES 



FIGURE A1 . SPECTRA COMPARISON FOR CASE 1 
(C) DIRECTIVITY ANGLE = SO DEGREES 
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1 


MEASURED DATA 
JET ONLY 
JET + SHOCK 


31 63 125 250 500 IK 2K 4K 8K 16K 31K 63K 125K 

FREQUENCY. HZ 

FIGURE HI . SPECTRA COMPARISON FOR CASE 1 
(D) DIRECTIVITY ANGLE = 120 DEGREES 


O MEASURED m 

— JET ONLY 

— JET + SHOCK 


I’Jrl 


31 63 125 250 500 IK 2K 4K 8K 16K 31 K 63K 125K 

FREQUENCY. HZ 

FIGURE A1 . SPECTRA COMPARISON FOR CASE 1 
(E) DIRECTIVITY ANGLE = 150 DEGREES 








OflSPL, DB 



FIGURE fl2 . SPECTRA COMPARISON FOR CASE 3 
(A) FLOW PROPERTIES AND DIRECTIVITY PLOT 
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SPL. DB SPL. DB 



FREQUENCY, HZ 


FIGURE fl2 . SPECTRR COMPARISON FOR CASE 3 
(B) DIRECTIVITY ANGLE = 60 DEGREES 



FREQUENCY, HZ 

FIGURE A2 . SPECTRA COMPARISON FOR CASE 3 
(C) DIRECTIVITY ANGLE = 90 DEGREES 
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SPL. DB SPL. DB 



31 63 125 250 500 IK 2K 4K 8K 16K 31K 63K 125K 


FREQUENCY, HZ 

FIGURE fl2 . SPECTRA COMPARISON FOR CASE 3 
(D) DIRECTIVITY ANGLE = 120 DEGREES 



31 63 125 250 500 IK 2K 4K 8K 16K 31K 63K 125K 

FRE;gUENCY. HZ 

FIGURE A2-.* SPECTRA COMPARISON.. FOR CASE 3. 

(E) DIRECTIVITY ANGLE = 150 DEGREES 
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FLOW PROPERTIES FOR CASE 5 
NOZZLE MODEL 2 


FORWARD FLIGHT VELOCITY p Vo = 0.0 M/S 


TEMPERATURE 
Jj, DEG K 

PRIMARY 387.0 
SECONDARY 705.3 
EQUIVALENT 511.8 


VELOCITY MASS FLOW Py/Pfl 
V. M/S Wp KG/S 

296.5 2.2974 1.5200 
468.7 1.4809 1.8000 
364.0 3.7784 


REFERENCE RADIUS = 45.7 M 



FIGURE A3 . SPECTRA COMPARISON FOR CASE 5 
(A) FLOW PROPERTIES AND DIRECTIVITY PLOT 
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SPL. DB SPL. DB 



31 63 125 250 500 IK 2K 4K 8K 16K 31K 63K 125K 


FREQUENCY. HZ 

FIGURE R3 . SPECTRA COMPARISON FOR CASE 5 
(B) DIRECTIVITY ANGLE = 60 DEGREES 



31 63 125 250 500 IK 2K 4K 8K 16K 31K 63K 125K 

FREQUENCY. HZ 

FIGURE A3 . SPECTRA COMPARISON FOR CASE 5 
(C) DIRECTIVITY ANGLE = 30 DEGREES 
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SPL. DB SPL. DB 



FREQUENCY, HZ 


FIGURE R3 . SPECTRA COMPARISON FOR CASE 5 
(D) DIRECTIVITY ANGLE = 120 DEGREES 



FREQUENCY. HZ 

FIGURE A3 . SPECTRA COMPARISON FOR CASE 5 
(E) DIRECTIVITY ANGLE = 150 DEGREES 
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FLOW PROPERTIES FOR CASE 7 


NOZZLE 

MODEL 2 


FORWARD FLIGHT VELOCITY.Vq = 

0.0 M/S 


TEMPERATURE 

VELOCITY 

MASS FLOW Pt/Pq 
W. KG/S ^ 


Tj, DEG K 

V, M/S 

PRIMARY 

1113.1 

309.6 

2.2493’ 1.5300 

SECONDARY 

1077.0 

793.0 

2.2334 3.2100 

EQUIVALENT 

743.9 

550.5 

4.4828 


REFERENCE RADIUS = 45.7 M 



30 50 70 90 110 130 150 170 

DIRECTIVITY ANGLE - DEGREES 


FIGURE m . SPECTRA COMPARISON FOR CASE 7 
(A) FLOW PROPERTIES AND DIRECTIVITY PLOT 
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SPL, DB SPL, DB 



FREQUENCY, HZ 


FIGURE m . SPECTRA COMPARISON FOR CASE 7 
(B) DIRECTIVITY ANGLE = 60 DEGREES 



FREQUENCY. HZ 

FIGURE m . SPECTRA COMPARISON FOR CASE 7 
(C) DIRECTIVITY ANGLE = 30 DEGREES 
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SPL. DB SPL. DB 


no 


100 
90 
80 
70 
60 
50 
HO 

31 63 125 250 500 IK 2K HK 8K 16K 31K 63K 125K 

FREQUENCE, HZ 

FIGURE fl4 . SPECTRA COMPARISON FOR CASE 7 
(D) DIRECTIVITY ANGLE = 120 DEGREES 



110 
100 
90 
80 
70 
60 
50 
40 

31 63 125 250 500 IK 2K 4K 8K 16K 31K 63K 125K 

FREQUENCY. HZ 

FIGURE A4 . SPECTRA COMPARISON FOR CASE 7 
(E) DIRECTIVITY ANGLE = 150 DEGREES 
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FLOW PROPERTIES FOR CASE 8 



NOZZLE 

MODEL 2 



FORWARD FLIGHT VELOCITY, Vr 

= 0.0 M/S 



TEMPERATURE 

VELOCITY 

MASS FLOW 

Pt/Pa 


Tj, DEG K 

V, M/S 

W, KG/S 


PRIMARY 

413.7 

309.9 

2.2634 

1 .5400 

SECONDARY 

1065.9 

708.3 

1 .7245 

2.4900 

EQUIVALENT 

695.7 

482.2 

3.9879 



REFERENCE RADIUS = 45-7 M 




FIGURE flS . SPECTRA COMPARISON FOR CASE 8 
(A) FLOW PROPERTIES AND DIRECTIVITY PLOT 





SPL, DB SPL. DB 



FREQUENCY, HZ 

FIGURE flS . SPECTRA COMPARISON FOR CASE 8 
(B) DIRECTIVITY ANGLE = 60 DEGREES 



FREQUENCY. HZ 

FIGURE A5 . SPECTRA COMPARISON FOR CASE 8 
(Cl DIRECTIVITY ANGLE = 30 DEGREES 
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SPL» DB SPL. DB 



FREQUENCY, HZ 


FIGURE R5 . SPECTRA COMPARISON FOR CASE 8 
(D) DIRECTIVITY ANGLE = 120 DEGREES 



FREQUENCY , HZ 

FIGURE AS . SPECTRA COMPARISON FOR CASE 8 
(E) DIRECTIVITY ANGLE = 150 DEGREES 
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FLOW PROPERTIES FOR CASE 15 


NOZZLE MODEL 2 


FORWARD FLIGHT VELOCITY. Vo 

= 0.0 M/S 


TEMPERATURE 
Tj. DEG K 

VELOCITY 
V. M/S 

MASS FLOW Pr/Pfl 
W. KG/S 

PRIMARY 

808.7 

431.2 

1 .5665 1 .5300 

SECONDARY 

307.0 

653.1 

1.8456 2.5000 

EQUIVALENT 

861.8 

551.2 

3.4141 


REFERENCE RADIUS = 45.7 M 



DIRECTIVITY fiNGLE - DEGREES 


FIGURE flS . SPECTRA COMPARISON FOR CASE 15 
(A) FLOW PROPERTIES AND DIRECTIVITY PLOT 
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SPL. DB SPL, DB 



31 63 125 250 500 IK 2K 4K 8K 16K 31K 63K 125K 


FREQUENCY r HZ 

FIGURE fi6 . SPECTRA COMPARISON FOR CASE 15 
(B) DIRECTIVITY ANGLE = 60 DEGREES 



31 63 125 250 500 IK 2K 4K 8K 16K 31K 63K 125K 

FREQUENCY, HZ 

FIGURE A6 . SPECTRA COMPARISON FOR CASE 15 
(C) DIRECTIVITY ANGLE = 30 DEGREES 
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MEfiSURED DATA 
JET ONLY 
JET + SHOCK 


31 63 125 250 500 IK 2K 4K 8K 16K 31K 63K 125K 

FREQUENCY, HZ 

FIGURE A6 . SPECTRA COMPARISON FOR CASE 15 
(D) DIRECTIVITY ANGLE = 120 DEGREES 


MEASURED DATA 
JET ONLY 
JET + SHOCK 


31 63 125 250 500 IK 2K 4K 8K 16K 31K 63K 125K 

FREQUENCY, HZ 


FIGURE A6 . SPECTRA COMPARISON FOR CASE 15 
(E) DIRECTIVITY ANGLE = 150 DEGREES 









FLOW PROPERTIES FOR CASE 21 


NOZZLE 

MODEL 2 


FORWARD FLIGHT VELOCITY, Vo = 

0.0 M/S 


TEMPERATURE 

VELOCITY 

MASS FLOW Py/Pfi 


Ty. DEG K 

V, M/S 

W , KG/S 

PRIMARY 

820.9 

620.8 

2.5809 2.5000 

SECONDARY 

708.1 

637.9 

2.6616 3-1900 

EQUIVALENT 

763.6 

629.5 

5.2426 


REFERENCE RADIUS = 45 

.7 M 



FIGURE fl7 . SPECTRA COMPARISON FOR CASE 21 
(A) FLOW PROPERTIES AND DIRECTIVITY PLOT 


98 




SPL. DB SPL, DB 



31 63 125 250 500 IK 2K 4K 8K 16K 31K 63K 125K 


FREQUENCY » HZ 

FIGURE R7 . SPECTRA COMPARISON FOR CASE 21 
(B) DIRECTIVITY ANGLE = 60 DEGREES 



31 63 125 250 500 IK 2K 4K 8K 16K 31K 63K 125K 

FREQUENCY, HZ 

FIGURE A7 . SPECTRA COMPARISON FOR CASE 21 
(C) DIRECTIVITY ANGLE = 30 DEGREES 
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SPL, DB SPL, DB 



FREQUENCY, HZ 


FIGURE H7 . SPECTRfi COMPARISON FOR CASE 21 
(D) DIRECTIVITY ANGLE = 120 DEGREES 



l^Q I I I I I I I I I 1 I I I I I 1 I I I I I 1 I I I I I I 1 I I-.! 

31 63 125 250 500 IK 2K 4K 8K 16K 31K 63K 125K 

FREQUENCY, HZ 


FIGURE A7 . SPECTRA COMPARISON FOR CASE 21 
(E) DIRECTIVITY ANGLE = 150 DEGREES 
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FLOW PROPERTIES FOR CASE 22 



NOZZLE MODEL 2 



FORWARD FLIGHT VELOCITY »Vq = 

0.0 M/S 



TEMPERATURE VELOCITY 
Tj. DEG K V, M/S 

MASS FLOW 
W. KG/S 

Pt/Pa 

PRIMARY 

829.2 624.2 

2.3763 

2.5000 

SECONDARY 

1099.2 865.3 

2.7836 

4.0400 

EQUIVALENT 

974.9 754.2 

5.1600 



REFERENCE RADIUS = 45. 

.7 M 




FIGURE fl8 . SPECTRfi COMPfiRISON FOR CASE 22 
(A) FLOW PROPERTIES AND DIRECTIVITY PLOT 


101 




SPL. DB SPL, DB 



FREQUENCY. HZ 


FIGURE fl8 . SPECTRA COMPARISON FOR CASE 22 
(BI DIRECTIVITY ANGLE = 60 DEGREES 



FREQUENCY. HZ 

FIGURE A8 . SPECTRA COMPARISON FOR CASE 22 
(C) DIRECTIVITY ANGLE = 30 DEGREES 
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SPL. DB SPL. DB 



31 63 125 250 500 IK 2K 4K 8K 16K 31K 63K 125K 


FREQUENCY r HZ 

FIGURE fl8 . SPECTRA COMPARISON FOR CASE 22 
(D) DIRECTIVITY ANGLE = 120 DEGREES 



31 63 125 250 500 IK 2K 4K 8K 16K 31K 63K 125K 

FREQUENCY. HZ 

FIGURE A8 . SPECTRA COMPARISON FOR CASE 22 
(E) DIRECTIVITY ANGLE = 150 DEGREES 
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OflSPL, DB 



FLOW PROPERTIES FOR CASE 23 


NOZZLE 

MODEL 2 

FORWARD FLIGHT VELOCITY » Vo = 0.0 M/S 


TEMPERATURE 

VELOCITY MASS FLOW Pt/Pq 
V. M/S W. KG/S ” 


Tj. DEG K 

PRIMARY 

812.0 

610.8 2.6086 2.4500 

SECONDARY 

1093.1 

715.6 1.6841 2.4800 

EQUIVALENT 

922.3 

651.9 4.2927 


REFERENCE RADIUS =-45.7 M 
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FIGURE fi9 . SPECTRA COMPARISON FOR CASE 23 
(A) FLOW PROPERTIES AND DIRECTIVITY PLOT 





SPL, DB SPL, DB 



FIGURE R3 . SPECTRA COMPARISON FOR CASE 23 
(B) DIRECTIVITY ANGLE = 60 DEGREES 



31 63 125 250 500 IK 2K 4K 8K 16K 31K 63K 125K 

FREQUENCY. HZ 

FIGURE A3 . SPECTRA COMPARISOrj FOR CASE 23 
(C) DIRECTIVITY ANGLE = 30 DEGREES 
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SPL. DB SPL. DB 


O MEfiSURED DflTfi _ 

) - JET ONLY 

JET + SHOCK 

) Li I > I I I I I I I I t 1 ,1 I I I I I I I I I I I ■ I I I I , I I , , 

31 63 125 250 500 IK 2K 4K 8K 16K 31K 63K 125K 

FREQUENCY, HZ 

FIGURE fl9 . SPECTRA COMPARISON FOR CASE 23 
(D) DIRECTIVITY ANGLE = 120 DEGREES 


MEASURED DATA 
JET ONLY 
JET + SHOCK 


31 63 125 250 500 IK 2K UK 8K 16K 31K 63K 125K 

FREQUENCY, HZ 

FIGURE A3 . SPECTRA COMPARISON FOR CASE 23 
(E) DIRECTIVITY ANGLE = 150 DEGREES 









FLOW PROPERTIES FOR CASE 26 


NOZZLE MODEL 2 


FORWARD FLIGHT VELOCITY, Vo = 

0.0 M/S 


TEMPERATURE 

Tt, deg K 

VELOCITY 
V. M/S 

MASS FLOW Pt/Pq 
W, KG/S 

PRIMARY 

1077.0 

501.1 

1 .3662 1 .5400 

SECONDARY 

1062.6 

732.4 

2.1849 3.1900 

EQUIVALENT 

1080. 

681.5 

3.5511 


REFERENCE RADIUS = 45.7 M 



FIGURE filO. SPECTRA COMPARISON FOR CASE 26 
(A) FLOW PROPERTIES AND DIRECTIVITY PLOT 
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9Q ‘Ids aa ‘ids 



FREQUENCY, HZ 

FIGURE fUO. SPECTRfi COMPARISON FOR CASE 26 
(6) DIRECTIVITY ANGLE = 60 DEGREES 



FREQUENCY. HZ 


FIGURE AlO. SPECTRA COMPARISON FOR CASE 26 
(C) DIRECTIVITY ANGLE = 30 DEGREES 


1 08 





SPL, DB SPL. DB 



FREQUENCY. HZ 


FIGURE fllO. SPECTRA COMPARISON FOR CASE 26 
(D) DIRECTIVITY ANGLE = 120 DEGREES 



FREQUENCY. HZ 

FIGURE A 10. SPECTRA COMPARISON FOR CASE 26 
(E) DIRECTIVITY ANGLE = 150 DEGREES 
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FLOW PROPERTIES FOR CASE 32 
NOZZLE MODEL 3 


FORWARD FLIGHT VELOCITY, Vo = 0-0 M/S 


TEMPERATURE 
Tj, DEG K 

PRIMARY 389.2 
SECONDARY 702.0 
EQUIVALENT 506.2 


VELOCITY MASS FLOW Pt/Pq 
V, M/S W, KG/S 

299.0 1.8225 1.5300 
318.8 1.0890 1.3000 
306.4 2.9116 


REFERENCE RADIUS = 45.7 M 



DIRECTIVITY ANGLE - DEGREES 

FIGURE All. SPECTRA COMPARISON FOR CASE 32 
(A) FLOW PROPERTIES AND DIRECTIVITY PLOT 


no 




SPL. DB SPL. DB 
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L ^ O MEfiSURECr-ea 

n _ JET ONLY 

r JET + SHOCK 

°31 63 125 250 500 IK 2K 4K 8K 16K 31K 63K 125K 

FREQUENCY, HZ 

FIGURE fill. SPECTRfi COMPfiRISON FOR CfiSE 32 
(B) DIRECTIVITY fiNGLE = 60 DEGREES 


HEflSURED Dfi 
JET ONLY 
JET + SHOCK 


31 63 125 250 500 IK 2K 4K 8K 16K 31K 63K 125K 

FREQUENCY, HZ 


FIGURE fill. SPECTRfi COMPfiRISON FOR CfiSE 32 
(C) DIRECTIVITY ANGLE = 30 DEGREES 





o 


0 H 


I I I ' I I I ' 


1 I I I I I .1 t I I I I I I I I I t I I I I 


MEASURED DATA 
JET ONLY 
JET + SHOCK 
L 


31 63 125 250 500 IK 2K 4K 8K 16K 31K 63^ 125K 

FREQUENCY, HZ 


FIGURE All. SPECTRA COMPARISON FOR CASE 32 
(D) DIRECTIVITY ANGLE = 120 DEGREES 



FIGURE All. SPECTRA COMPARISON FOR CASE 32 
(E) DIRECTIVITY ANGLE = 150 DEGREES 







FLOW PROPERTIES FOR CASE 33 



NOZZLE MODEL 3 



FORHRRD FLIGHT VELOCITY. Vo = 

0.0 M/S 



TEMPERATURE 
Tj» DEG K 

VELOCITY 
V. M/S 

MASS FLOW 
W, KG/S 

Pt/Pa 

PRIMARY 

843.7 

441.6 

1 .2296 

1 .5300 

SECONDARY 

1079.8 

858.9 

3.4141 

4.0600 

EQUIVALENT 

1017.3 

748.4 

4.6438 



REFERENCE RADIUS = 45- 

.7 M 




FIGURE fil2. SPECTRfi COMPARISON FOR CASE 33 
(A) FLOW PROPERTIES AND DIRECTIVITY PLOT 
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SPL, DB SPL, DB 


O MEASURED DATA 

0 - JET ONLY 

L JET + SHOCK 

0 

31 63 125 250 500 IK 2K 4K 8K 16K 31K 63K 125K 

FREQUENCY, HZ 

FIGURE A12. SPECTRA COMPARISON FOR CASE 33 
(B) DIRECTIVITY ANGLE = 60 DEGREES 


MEASURED DATA 
JET ONLY 
JET + SHOCK 


31 63 125 250 500 IK 2K 4K 8K 16K 31K 63K 125K 

FREQUENCY, HZ 


FIGURE A12. SPECTRA COMPARISON FOR CASE 33 
(C) DIRECTIVITY ANGLE = 90 DEGREES 
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SPL, DB SPL, DB 



FREQUENCY, HZ 


FIGURE R12. SPECTRA COMPARISON FOR CASE 33 
(D) DIRECTIVITY ANGLE = 120 DEGREES 



FREQUENCY, HZ 


FIGURE A12. SPECTRA COMPARISON FOR CASE 33 
(E) DIRECTIVITY ANGLE = 150 DEGREES 
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OflSPL. DB 


FLOW PROPERTIES FOR CfiSE 31 
NOZZLE MODEL 4 


FORWRRD FLIGHT VELOCITY, Vo = 0.0 M/S 


TEMPERRTURE 
Tj. DEG K 

PRIMRRY 282.2 
SECONDRRY 543.3 
EQUIVRLENT 372.0 


VELOCITY MRSS FLOW Pt/Pq 
V. M/S W. KG/S 

293.8 4.7391 1.7820 

449.2 2.4838 2.0480 

347.2 7.2230 


REFERENCE RRDIUS = 45.7 M 



FIGURE R13. SPECTRfi COMPRRISON FOR CASE 34 
(fi) FLOW PROPERTIES AND DIRECTIVITY PLOT 
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SPL, DB SPL, DB 



FREQUENCY p HZ 

FIGURE SPECTRA COMPARISON FOR CASE 34 

(B) DIRECTIVITY ANGLE = 60 DEGREES 



FREQUENCY, HZ 

FIGURE A13. SPECTRA COMPARISON FOR CASE 34 
(C) DIRECTIVITY ANGLE = 90 DEGREES 
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SPL, DB SPL. DB 



31 63 125 250 500 IK 2K IK 8K 16K 31K 63K 125K 

FREQUENCY, HZ 


FIGURE fll3. SPECTRR COMPRRISON FOR CRSE 34 
(D) DIRECTIVITY RNGLE = 120 DEGREES 



31 63 125 250 500. IK 2K 4K 8K 16K 31K 63K 125K 

FREQUENCY, HZ 


FIGURE R13. SPECTRR COMPRRISON FOR CRSE 34 
(E) DIRECTIVITY RNGLE = 150 DEGREES 








FLOW PROPERTIES FOR CASE 38 


NOZZLE MODEL H 


FORWARD FLIGHT VELOCITY, Vo = 

0.0 M/S 


TEMPERATURE VELOCITY 
Tj, DEG K V, M/S 

MASS FLOW Pt/Pq 
W, KG/S 

PRIMARY 

804.4 424.5 

2.3219 1.5090 

SECONDARY 

1087.2 845.5 

3.2758 3.8770 

EQUIVALENT 

369.8 670.9 

5.5977 


REFERENCE RADIUS = 45- 

n M 



FIGURE fllH. SPECTRA COMPARISON FOR CASE 38 
(A) FLOW PROPERTIES AND DIRECTIVITY PLOT 


« 
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SPL. DB SPL, DB 


no 




O MEASURED DATA 

0 - JET ONLY 

JET + SHOCK 

0 

31 63 125 250 500 IK 2K 4K 8K 16K 31K 63K 125K 

FREQUENCY, HZ 

FIGURE A 14. SPECTRA COMPARISON FOR CASE 38 
(B) DIRECTIVITY ANGLE = 60 DEGREES 


MEASURED DATA 
JET ONLY 
JET + SHOCK 


31 63 125 250 500 IK 2K 4K 8K 16K 31K 63K 125K 

FREQUENCY, HZ 

FIGURE A14. SPECTRA COMPARISON FOR CASE 38 
(C3 DIRECTIVITY ANGLE = 30 DEGREES 
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SPL» DB SPL» DB 



FREQUENCY, HZ 


FIGURE fll4. SPECTRA COMPARISON FOR CASE 38 
(D) DIRECTIVITY ANGLE = 120 DEGREES 



FREQUENCY, HZ 

FIGURE A14. SPECTRA COMPARISON FOR CASE 38 
(E) DIRECTIVITY ANGLE = 150 DEGREES 
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FLOW PROPERTIES FOR CASE 43 


NOZZLE 

MODEL 4 


FORWARD FLIGHT VELOCITY, Vo = 

0.0 M/S 


TEMPERATURE 

VELOCITY 

MASS FLOW Pt/Pq 


Tj, DEG K 

V, M/S 

W, KG/S 

PRIMARY 

288.8 

233.0 

4.7163 1.7360 

SECONDARY 

648.8 

606.8 

3.5233 3.1730 

EQUIVALENT 

442.8 

430.6 

8.2408 


REFERENCE RADIUS = 45. 

.7 M 



FIGURE ftl5. SPECTRA COMPARISON FOR CASE 43 
(A) FLOW PROPERTIES AND DIRECTIVITY PLOT 


122 




SPL, DB SPL, DB 


110 
100 
90 
80 
70 
60 
50 
40 

31 63 125 250 500 IK 2K 4K 8K 16K 31K 63K 125K 

FREQUENCY, HZ 

FIGURE fll5. SPECTRA COMPARISON FOR CASE 43 

(B) DIRECTIVITY ANGLE = 60 DEGREES 
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FIGURE A 15. SPECTRA COMPARISON FOR CASE 43 

(C) DIRECTIVITY ANGLE = 90 DEGREES 




123 





8PL. DB SPL, DB 



FREQUENCY. HZ 


FIGURE fll5. SPECTRA COMPARISON FOR CASE 43 
(D) DIRECTIVITY ANGLE = 120 DEGREES 



FREQUENCY. HZ 

FIGURE A15. SPECTRA COMPARISON FOR CASE 43 
(E) DIRECTIVITY ANGLE = 150 DEGREES 






FLOW PROPERTIES FOR CASE 48 


NOZZLE 

MODEL 4 


FORWRRD FLIGHT VELOCITY, Vo = 

0.0 M/S 


TEMPERATURE 
Tj, DEG K 

VELOCITY 
V. M/S 

MASS FLOW Pt/Pr 
W. K6/S 

PRIMARY 

806.6 

603.2 

3.8263 2.4610 

SECONDARY 

353.8 

757.4 

3.1038 3.4010 

EQUIVALENT 

872.6 

675.7 

6.3367 


REFERENCE RADIUS = 45. 

.7 M 



FIGURE me. SPECTRR COMPARISON FOR CASE 48 
(fi) FLOW PROPERTIES AND DIRECTIVITY PLOT 
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SPL, DB SPL» DB 



FREQUENCY. HZ 


FIGURE R16. SPECTRA COMPARISON FOR CASE 48 
(B) DIRECTIVITY ANGLE = 60 DEGREES 



FREQUENCY. HZ 

FIGURE A16. SPECTRA COMPARISON FOR CASE 48 
(C) DIRECTIVITY ANGLE = 9D DEGREES 
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31 63 125 250 500 IK 2K 4K 8K 16K 31K 63K 125K 


FREQUENCY, HZ 

FIGURE fll6. SPECTRA COMPARISON FOR CASE 48 
(03 DIRECTIVITY ANGLE = 120 DEGREES 



31 63 125 250 500 IK 2K 4K 8K 16K 31K 63K 125K 

FREQUENCY, HZ 

FIGURE A16. SPECTRA COMPARISON FOR CASE 48 
(E3 DIRECTIVITY ANGLE = 150 DEGREES 
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APPENDIX B 

Typical Wind Tunnel Case 
Spectral Distributions 
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FLOW PROPERTIES FOR CASE 1 


NOZZLE 

MODEL 2 


FORWARD FLIGHT VELOCITY.Vd = 

101.4 M/S 


TEMPERATURE 
Tj, DEG K 

VELOCITY 
V. M/S 

MASS FLOW Pt/Pq 
W. KG/S 

PRIMARY 

392.6 

300.2 

.3900 1.5300 

SECONDARY 

388.7 

470.6 

.6486 3.2070 

EQUIVALENT 

390.1 

406.6 

1 .0387 


REFERENCE RADIUS = 45-7 M 
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FIGURE 81 . SPECTRA COMPARISON FOR CASE 1 
(A) FLOW PROPERTIES AND DIRECTIVITY PLOT 
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SPLp db spl. db 
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FREQUENCY, HZ 

FIGURE B1 . SPECTRA COMPARISON FOR CASE 1 

(B) DIRECTIVITY ANGLE = 70 DEGREES 

no 
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FREQUENCY, HZ 

FIGURE B1 . SPECTRA COMPARISON FOR CASE 1 

(C) DIRECTIVITY ANGLE = 90 DEGREES 
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SPL, DB SPL. DB 



31 63 125 250 500 IK 2K 4K 8K 16K 31K 63K 125K 


FREQUENCY. HZ 

FIGURE B1 . SPECTRA COMPARISON FOR CASE 1 
(D) DIRECTIVITY ANGLE = 120 DEGREES 



FIGURE B1 . SPECTRA COMPARISON FOR CASE 1 
(E) DIRECTIVITY ANGLE = 150 DEGREES 
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FLOW PROPERTIES FOR CASE 5 


NOZZLE MODEL 2 


FORWARD FLIGHT VELOCITY, Vo = 

31.0 M/S 


TEMPERATURE 
Tj, DEG K 

VELOCITY 
V. M/S 

MASS FLOW Pt/Pq 
W, KG/S 

PRIMARY 

402.0 

304.8 

.4173 1.5330 

SECONDARY 

692.6 

630.3 

.4898 3.2010 

EQUIVALENT 

558.9 

480.5 

.9071 


REFERENCE RADIUS = 45-7 M 



FIGURE B2 . SPECTRfi COMPARISON FOR CASE 5 
(A) FLOW PROPERTIES AND DIRECTIVITY PLOT 
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SPL, DB SPLp DB 



FREQUENCY, HZ 


FIGURE B2 . SPECTRA COMPARISON FOR CASE 5 
(B) DIRECTIVITY ANGLE = 70 DEGREES 



FREQUENCY, HZ 

FIGURE B2 . SPECTRA COMPARISON FOR CASE 5 
(C) DIRECTIVITY ANGLE = 90 DEGREES 
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SPL, DB SPL» DB 



31 63 125 250 500 IK 2K 4K 8K 16K 31K 63K 125K 


FREQUENCY* HZ 

FIGURE B2 . SPECTRfi COMPARISON FOR CASE 5 
(D) DIRECTIVITY ANGLE = 120 DEGREES 



FREQUENCY. HZ 


FIGURE B2 . SPECTRA COMPARISON FOR CASE 5 
(E) DIRECTIVITY ANGLE = 150 DEGREES 
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OflSPL. DB 



FIGURE B3 . SPECTRA COMPARISON FOR CASE 8 
(A) FLOW PROPERTIES AND DIRECTIVITY PLOT 
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SPL, DB SPL. DB 



FREQUENCY, HZ 


FIGURE B3 . SPECTRfi COMPARISON FOR CASE 8 
(B) DIRECTIVITY ANGLE = 70 DEGREES 



FREQUENCY, HZ 

FIGURE B3 . SPECTRA COMPARISON FOR CASE 8 
(C) DIRECTIVITY ANGLE = 90 DEGREES 
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SPL# DB SPL. DB 



3L 63 125 2S0 500 IK 2K 4K 8K 16K 31K 63K 125K 


FREQUENCY, HZ 

FIGURE B3 . SPECTRA COMPARISON FOR CASE 8 
(D) DIRECTIVITY ANGLE = 120 DEGREES 



FREQUENCY, HZ 


FIGURE B3 . SPECTRA COMPARISON FOR CASE 8 
(E) DIRECTIVITY ANGLE = 150 DEGREES 
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FLOW PROPERTIES FOR CASE 9 


NOZZLE 

MODEL 2 

FORWARD FLIGHT VELOCITY. Vo = 129.5 M/S 


TEMPERATURE 
Tj. DEG K 

VELOCITY MASS FLOW Pt/Pq 
V. M/S W. KG/S 

PRIMARY 

388.7 

295.3 .3810 1.5140 

SECONDARY 

705.9 

637.6 .4127 3.2120 

EQUIVALENT 

553.6 

473.3 .7937 


REFERENCE RADIUS = 45.7 M 


130 

120 

110 
CQ 

° 100 

h 90 
cr 
o 

80 
70 
60 

30 50 70 90 no 130 150 170 

DIRECTIVITY ANGLE - DEGREES 

FIGURE . SPECTRA COMPARISON FOR CASE 9 
(A) FLOW PROPERTIES AND DIRECTIVITY PLOT 


■T 1 r- 


T T ' 1 ' 1 r 


O 


O O O O 


o O o 


J_ ^ L 


MEASURED DATA 
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8PL» DB SPL, DB 



FREQUENCY. HZ 


FIGURE . SPECTRA COMPARISON FOR CASE 9 
tB) DIRECTIVITY ANGLE = 70 DEGREES 



FIGURE B*1 . SPECTRA COMPARISON FOR CASE 9 
(C) DIRECTIVITY ANGLE = 30 DEGREES 
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SPL, DB SPL» DB 


no 
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90 
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50 
40 

31 63 125 250 500 IK 2K 4K 8K 16K 31K 63K 125K 

FREQUENCY, HZ 

FIGURE B4 . SPECTRA COMPARISON FOR CASE 9 
(D) DIRECTIVITY ANGLE = 120 DEGREES 



FIGURE B4 . SPECTRA COMPARISON FOR CASE 9 
(E) DIRECTIVITY ANGLE = 150 DEGREES 



140 





FLOW PROPERTIES FOR CASE 13 
NOZZLE MODEL 4 

FORWARD FLIGHT VELOCITY, Vr = 61.5 M/S 



TEMPERATURE 

VELOCITY 

MASS FLOW 

Pt/Pa 


Tj, DEG K 

V, M/S 

W. KG/S 

PRIMARY 

393.1 

299.0 

.3538 

1 .5220 

SECONDARY 

698.1 

633.3 

.5851 

3.2030 

EQUIVALENT 

583.2 

507.3 

.9389 



REFERENCE RADIUS = 45.7 M 



FIGURE B5 . SPECTRA COMPARISON FOR CASE 13 
(A) FLOW PROPERTIES AND DIRECTIVITY PLOT 
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SPL, DB SPL. DB 



FREQUENCY. HZ 

FIGURE B5 . SPECTRfi COMPARISON FOR CASE 13 
(B) DIRECTIVITY ANGLE = 70 DEGREES 
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FIGURE B5 . SPECTRA COMPARISON FOR CASE 13 
(C) DIRECTIVITY ANGLE = 30 DEGREES 
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SPL» DB SPL, DB 
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FIGURE B5 . SPECTRA COMPARISON FOR CASE 13 
(D) DIRECTIVITY ANGLE = 120 DEGREES 



FREQUENCY, HZ 


FIGURE B5 . SPECTRA COMPARISON FOR CASE 13 
(E) DIRECTIVITY ANGLE = 150 DEGREES 
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FLOW PROPERTIES FOR CASE 14 


NOZZLE MODEL 4 

FORWARD FLIGHT VELOCITY,Vq = 61.2 M/S 


TEMPERATURE 
Tj. DEG K 

VELOCITY MASS FLOW Pt/Pq 
V. M/S W. KG/S 

PRIMARY 

395.3 

299.3 .3311 1.5190 

SECONDARY 

708.7 

S7S.7 .4535 2.5060 

EQUIVALENT 

576.5 

459.1 .7847 


REFERENCE 

RADIUS = 45.7 M 



FIGURE B6 . SPECTRA COMPARISON FOR CASE 14 
(A) FLOW PROPERTIES AND DIRECTIVITY PLOT 
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SPL. DB SPL, DB 



FIGURE B6 . SPECTRfi COMPARISON FOR CASE 14 
(B) DIRECTIVITY ANGLE = 70 DEGREES 



FREQUENCY, HZ 

FIGURE B6 . SPECTRA COMPARISON FOR CASE 14 
(C) DIRECTIVITY ANGLE = 90 DEGREES 
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MEASURED DATA 
JET ONLY 
JET + SHOCK 


31 63 125 250 500 IK 2K 4K 8K 16K 31K 63K 125K 

FREQUENCY. HZ 

FIGURE B6 . SPECTRA COMPARISON FOR CASE 14 
(D) DIRECTIVITY ANGLE = 120 DEGREES 
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FIGURE B6 . SPECTRA COMPARISON FOR CASE 14 
(E) DIRECTIVITY ANGLE = 150 DEGREES 








FLOW PROPERTIES FOR CASE 18 


NOZZLE MODEL H 


FORWARD FLIGHT VELOCITY, Vq 

= 103.6 M/S 


TEMPERATURE 
Tj, DEG K 

VELOCITY 
V, M/S 

MASS FLOW Pt/Pq 
H, KG/S 

PRIMARY 

W2.0 

304.1 

.3039 1 .5300 

SECONDARY 

702.6 

635.5 

.5261 3.2060 

EQUIVALENT 

592.5 

514.2 

.8300 


REFERENCE RADIUS = 45.7 M 



FIGURE B7 . SPECTRA COMPARISON FOR CASE 18 
(A) FLOW PROPERTIES AND DIRECTIVITY PLOT 
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SPL, DB SPLr DB 



FREQUENCY, HZ 

FIGURE B7 . SPECTRA COMPARISON FOR CASE 18 
(B) DIRECTIVITY ANGLE = 70 DEGREES 



FIGURE B7 . SPECTRA COMPARISON FOR CASE 18 
(C) DIRECTIVITY ANGLE = 30 DEGREES 
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SPL. DB SPL» DB 



31 63 125 250 500 IK 2K IK 8K 16K 31K 63K 125K 

FREQUENCY, HZ 

FIGURE B7 . SPECTRfi COMPARISON FOR CASE 18 
(0) DIRECTIVITY ANGLE = 120 DEGREES 



FIGURE B7 . SPECTRA COMPARISON FOR CASE 18 
(E) DIRECTIVITY ANGLE = 150 DEGREES 
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FLOW PROPERTIES FOR CASE 20 


NOZZLE 

MODEL 4 


FORWARD FLIGHT VELOCITY, Vo 

= 129.8 M/s 


TEMPERATURE 

VELOCITY 

MASS FLOW Pt/Pr 


Tj, DEG K 

V, M/s 

W, KG/S 

PRIMARY 

388.7 

297.7 

.2993 1.5250 

SECONDARY 

709.2 

576.3 

.3900 2.5110 

EQUIVALENT 

570.0 

455.4 

.6894 


REFERENCE RADIUS = 45.7 M 
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FIGURE B8 . SPECTRA. COMPARISON FOR CASE 20 
(A) FLOW PROPERTIES AND DIRECTIVITY PLOT 
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FIGURE B8 . SPECTRA COMPARISON FOR CASE 20 

(B) DIRECTIVITY ANGLE = 70 DEGREES 
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FIGURE B8 . SPECTRA COMPARISON FOR CASE 20 

(C) DIRECTIVITY ANGLE = 90 DEGREES 
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SPL. DB SPL, DB 



31 63 125 250 500 IK 2K 4K 8K 16K 31K 63K 125K 


FREQUENCY, HZ 

FIGURE B8 . SPECTRA COMPARISON FOR CASE 20 
(0) DIRECTIVITY ANGLE = 120 DEGREES 



FIGURE B8 . SPECTRA COMPARISON FOR CASE 20 
(E) DIRECTIVITY ANGLE = 150 DEGREES 
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